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47. Line 18 from top, after “yet” add “exce)>t in the leathery turtle.” 

77. Line 4 from to]), /or “ rih-process ” read “rih-like process.” 

79. Lines 2 and 13 from to]), /or “the majority of the vertebiw of the tail have the articular cup 
behind and llie ball in front” read “the nuchal bones give otf ribdike i)rocesseH underlying 
the marginals.” 

169. Line 6 from bottom, /or “3-|” read “8|.” 

178 Line 10 from bottom, for “ African ” read “ Orienbd.” 

180. Lines 21 and 22 from bottom, transpose “u])j)er” and “lower.” 

186. Line 12 from bottom, /er “New Island” rettd “New Ireland.’ 

245. Line 7 from toj),/or “heavy” read “horny.” 

266. Line 4 from top, /or “Australia” read “ Papua.” 

273. Line 12 from bottom, (fter “and” add “almost.” 

274. Line 8 from t()j),/or “vertical ” read “borizoiital.” 

302. Line 4 from to]), for read Hynohim'^ ; line 22, omit “only.” 

333. In table, dekte^^(C)) Suborder lauHVoyimhi—Leptokpis”; and on ]». 331, line 7 from top, /or 
“ eight ” read “ .seven.” 

362, 397. The species of Tti^yrsites and Sphyraiia are hoth termed “harraciidas ’ ; the lattc*r may be 
distinguished as “ barracuda-] )ikes.” The account of tlie fishing of tbe latter refers to the 
former. 

527. Line 29 from top, /or “ Iceland ” read “ Ireland.”^ • 

532. Line 25 froui bottom, o/ “four . . . five or six ” read! “five . . . si.\ or sevtm.” 

A34. Line 2 from top, /or “developed” read “ depres.sed.” 
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BEPTILES. ■ 

CHAPTER 1. 

General Characteristics, — C lass Beptilia. 

In ordinary language the term Reptile is applied indifferently to such creatun^s 
as crocodiles, tortoises, lizards, snakes, frogs, and salamanders, but by the 
•naturalist it is used in a more restricted sense, and includes only the first 
four of these, together with a host of extinct types; while the frogs and 
{sWamanders, with certain other fonus, both living and extinct, on account of 
important structural differences, constitute a class by themselves, known as the 
Amphibians, and bearing the same rank as the class of Reptiles. ' To an ordinary 
•observer .there would seem but little in common between a scaled lizard or shak^ 
•a euiraftsed ciwodile, and a carapaced tortoise, on the one hand, aud a feathered 
%ird the other. Nevertheless, as wo have had occasion to mention at th^ clpsa 
of thC^preceding volume, the connection between Reptiles and Birds is exceedingly 
intimate, "--so close, indeed, tlxat Professor Huxley has termed the latter greatly 
VOt. V.-— I 
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modified Keptilcs. At the present day the two groups arc, indeed, somewhat 
widely sundered; and it is only by the study of forms long since extinct th^rt 
we are enabled' to grasp tlie intimate relationship tliat exists between theiiu 
That Birds ^ire the descendants of Reptiles may accordingly be taken for granted, 
althjough we are still unacquainted with the immediate links connecting the twc; 
classes. In another direction Reptiles are, however, connected through other extinct 
forms with the Amphibians; while from these intcTmediato, half -Reptile, half-^ 
Amphibian creatures, it is probable, as elsewhere mentioned, thal Mammals have 
originated. As we shall point out later on, Ampliibians are also intimately con- 
nected with the class of Fishes, and w(‘. thus see how closely allied are all the 
classes of th(5 Vertebrates, and how difficult is the task of the naturalist to dis- 
tinguish them satisfactorily one from anotlun' when the whole of the extinct forms 
arc taken into consideration. It is, indeed, solely from the still imperfect condition 
of our knowledge of the past that we are enabled to foi*mulato any dofinitionstat 

all, for had we the whole chain of 
organised nature befoi-e us, it will be 
obvious that no breaks would exist, 
but that ciN'eiy group would pass by 
iniporcoptibl(‘ degre(?s into the earlier 
one from which it originated. 

Pj’oceeding to the consideration 
of what constiiut(‘S a Re2)tile, as 
distinct from any other animal, wa 
may first point out sonu^ of the 
features in which Reptih‘s • agi'ee 
with Birds, and thereby differ fi’om 
Mammals. In the first place, th(‘. 
skull articulates with the first vm’tebra. 
by a single knob, or condyle (V of 
the figure) ; whih* each half of the 
lower jaw is composed of several 
distinct bones; and the whole lower 
jaw articulates with the skull by tlio 
Then, again, both agree in that the 
appendages developed from the outer layer of the skin never take the form of 
hairs, while the young are not nourished by means of milk secreted by special 
glands on the body of the female parent, neither are gills developed at any period 
of life, throughout which respiration is effected by means of lungs. A further 
resemblance is sliown in the position of the ankle-joint between the upper and loweV 
rows of small bones entering into the composition of that part of the skeleton* In 
producing their young from eggs (sometimes retained within the body of tlxp paj;cnt 
untif hatched), Reptiles resemble not only Birds, but likewise the lowest IVtOfiumals ;• 
with which they also agree in the nature of tlic investments surro^ding thoc 
4embr3{o. As regards the distinction between the two groups, Reptiles are broadly^ 

5 In the figure tlie quadratc-honesi are the prominences at the hinder external angles on either side of the 
letter iV. * 



tOWBR AND UrrER SURFACES OV TltK SKVLL OF 
A CROOODII.K. 


aperture of the internal oi* i)OHterior nostrilh ; O, 
sockets of tin* eyes ; vacuities of the palate ; T, frontal 
vacuities, dl* fossju ; V, condyle of the occijnit. 

intervention of a separate (iuadi\ate-bone.^ 
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separated from Birds by the absence of feathers; the appendages of the outer 
lay^r of the skin being in the form either of overlapping liorny scajes, or of large 
slfi^ds uniting by their opposed edges. Moreover, all known Reptiles dilter from 
Birds in having more than three digits in the fore-limb ; while in nC> cases are 
the collar-bones fused into a furcula, as they are in all flying Birds. A furthtjr 
distinction is to be found in connection with the circulatory system, the blood of 
aUo existing Reptile^i being cold, while the aorta, or great propelling blood-ve^j^el of 
the heart is double, and 


crosii^es botlf branches (in- 
stead of only the left branch) 
of the windpipe. It will 
be obvious, liowevcr, that 
these two last characters 
canribt be verified in the 
case of extinct Reptiles, 
among which it is quite 
probable that tliere may 
have be(;n some in which 
the blood was wai'm. A 
similar remark will appl}^ 
to the absence anuaig living 
Reptiles of those rainitica- 
tions^of the bronchial tu])es 
throughout the body, which 
form such a characteristic 
feature in the structure of 
Ihrds. As additional features 
in the skeleton, it may be 



THE HONES OF THE LEFT SIDE OF TIIK riHiVIS Ol- AN EXTINCT 


noticed that Reptiles never 


DINOSADRIAN REFTILE JUlt. Size). 


have the terminal faces of ilium ; p, pubis ; is, iscluum.— After Mar«]>. 


the veyte^jrai saddle-shaped ; 

while in those forn^s in which the number of toes in the hind-limb is reduced to three, 
the metatarsal bones do not unite to form a cannon-bone in conjunction with the 
lower row o£ bones belonging to the ankle-joint. Then, again, with the exception 
of one remarkable extinct group, Reptiltjs, as a rule, are characterised by the three 
bones of the pelvis remaining distinct from one another through life ; w^hereas in all 
existing tJirds they are weldc^d together. There are likewise differences in regard 
to the form and structure of the broast-bone and sacrum, into the consideration of 
which it will be unnecessary to enter in this work. 

DlverBlty of marked contrast to the uniformity in appearance and structure 

Fomandr characterising Birds, the various groups of Reptiles differ wddely from 
Biaractare., another, both as regards external form and internal structure. 
Internally, S lizard, a snake, and a tortoise present the most marked differences in 
general appearance among living membei's of the order ; while among extinct typ^ 
there were some which Walked on their hind-limbs alone, after the manner of Birds, 
and others having their fore-limbs modified into wings and the digits connected 
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by a leathery menibraric like that of bats. In a typical Reptile, such as a lizard 
or crocodil(% batli pairs of liinbs are well developed, and of ajjproxiniately equal 
lenjftlij but in tlie snakes all external traces of limbs have disappeared; wliile 
ill the extinct flying dragons, or Pterodactyles, the fore-limbs much exceed the 
hiiul ones in size, and in many of the so-called Dinosaurs, which are likewise 
extinct, the excess iii size falls to the sliare of the hinder pair of limbs. In 
other erases, again, the limbs may be modified into paddles, adapted for progres- 



sion in the water, as in th(i existing turtles, and the (‘xtinet fish -lizards or 
Ichthyosaurs; the body iu t]u‘ latter assuming a. soiiu^what fisli-like form. In 
nearly all cases Reptiles have long and well-developed tails; altliough in some of 

th(^ flying dragons these be- 
come rudimentary. 

A large number of Rep- 
tiles are charaet(n-ised by the 
development of bony plates 
within th(^ deep layer of tluj 
skin; sucli ])lates, which are 
well dis2)layed in existing 
crocodiles, being overlain by 
horny shields, and thus 
corresponding in eVc^ry re- 
spect with those forming 
the carapaces of the arm- 
iiEsToitEi) SKELETON OF ARMouKED DINOSAUR (aLout iiat. sizc). adillocs amoiK^* Mammals. 

o 

w, slioulder-l)lacle, or scapula; co, coracoid; hy upper arm-bone, or Among certain extinct 
bnmerus ; y, «, bones of foroarm, or radius and ulna ; c, wrist or carpus ; Dinosaurs th(3S(i boiiy plates 
'/My metacarpus; i7, baunch-bone, or ilium ; jj, pubis; is, iscliium;/, , , , *’ x 

thij;h*boue, or femur ; 0',/, bones of lower leg, or tibia and tibula; tet, attain a development Un- 
aiikle, or tarsus ; mt, uielatarsus.— After Marsh. * Jiarallclod at thc present 

day ; and in some they are 
believed to have occupied the extraordinary position shown in the accompanying 
fig^ire. 

Still more remarkable differences exist with regard to the form and structure 
of the teeth ; which, instead of being, as in the two preceding classes, strictly 
(Confined to tlio borders of the jaws, may be spread over the entire* palate. 
In spite, however, of this diversity of form, the teeth of Reptiles differ from many 
of those of the majority of Mammals in tliat they are never implanted in the 
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jaws by two or more roots ; while in no cases are their crowns complicated by the 
^pil^ence of infoldings of enamel. The simplest type of reptilian ^tooth is in the 
f«>i^x of a cone; such conical teeth b(;ing confined to the margins of the jaws, 
where, as among crocodiles, they may be implanted in distinct sockets, or, as in 
the extinct fish -lizards, * • 

in an open groove. In 
o^ier* cases, as among 
lizards, teeth of th<? same 
gimoral type may be 
united by a bony d(^posit 
eitluu' to the summit or 
to one si(l(i of the margin 
of the jaw. In place 
of ttic one regular re- 
placement, (iluu’acteris- 
ing the anterior teeth of 
the majority of Mam- 
mals, the t(‘eth of most 
Keptil(‘S are replac('(l 
irregularly and continu- 
ously throughout life; 
the succi'ssioual teeth 




CONICAL TOOTH OF AN 
EXTINCT l'I.KSU»- 
SAUIUAN REITILE. 


UNDER SURFACE OF SKULL OK AN EXTINCT 

HKrriLK {(Jyamodvs)^ with pavement - like 

TEETH ON THE PALATE. 


growing up Ixuieath tie* basics of those in use, and gradually causing an absorp- 
tion \)f their I’oots. When teeth ani distributiMl ov(t the wliohs or a greater 
portion of tlie palat(‘, the.}" geiuu'ally assum(‘, a more or U‘ss fiatteiied and bean- 
like sha])e, so as to form a kind of paviummt in the mouth, as shown in the 
accompanying figure of the under surface of the skull of an (‘xtinct reptile. 



LEFT SIDE OF THE SKUI.L OF A IIKAKEI) FLYING DRAGON (^i iml. size). 

a, vacuity in front of tho eye ; h, soek(*f of tlie eye ; r, occipital H]>iiie ; angle of lower jaw ; e, extremity of 
upper, and e’, of lower jaw ; q, articulation of the skull proper with the lowtir jaw ; 5, jioint where the two branches 
of the l^cr jaXv diverge.— After Marsh. • 


Between conical and pavomtmt - like teetli there are various intermediate grades, 
some of, which will be referred to in the sequel. It is, however, by no means 
all members of tlie class that are provided with teeth ; tlie tortoises and turtles 
being K^ing examples of the total loss of these organs, and the consequent conver- 
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sion of tlio jaws into hom-clad beaks. Certain representatives of the extinet 
ilying <]ragon}j were likewise devoid of teeth; and as in these forms the knii* 
cover(;d jaws were long and narrow, the resemblance to the beak of a bird beccJnttJS 
most marked. 

• It has'alremly been stated that the vertebrae of Reptiles never articulate d)y 
means oC those saddle-shaped surfaces so characteristic of Birds. They present, 
howeyei*, gnvit diversity of structure in this respect. In some cases, for iiMaijce, 
as ih the fish-lizards, the bodies or central portions of the vertebra) arc very short 

from front to l)ack, and have concatc surfaces 



LKFT-SIJ)E VIEW OF A NECK VERTEBRA SIDE AND FRONT VIEWS OF THE BODY OF A VERTEBRA 

OF A DINOSAUR. OF V FISUO.IZARD. 

/>, anterior hall. --After Marsli. </, />, ;ittacliiiient ofrihs. 


neck vertebra of a Dinosaur, wliere the anterior end of the body of each vertebj*a 
forms a convi'x knob (6), received into a cup at the posterior end of tlie vertebra 
in advance.^ In other instances, as in the existing crocodiles and lizards, an 




arrangement pre- 
cisely' the reverse 
of the last is pre- 
sent ; that is to 
say, the ball is at 
the hinder end, and 
the cup at the front 
of the boJy of the 
vertebra. In a 
few lizards and in 


FRONT AND BACK VIEWS OF A VERTEBRA OP A SNAKE. 
zi indicates the additional articular process, which is received into the cavity zi^. 


all fjnakes the ‘ver- 
tebra) are* furtlier 
complicatecl by the 


development of 

additional articular facets, taking the form of wedge-like projections from one 
.vertebra, which are received into cavem-liko excavations in the adjacent pne. 


1 It should 1)0 mentioned that in this figure only the portion of which ?) is the 
whole of the specimen represented in the other figure on the same line. 


extremity corresponds with the 
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Omitting mention of certain features connected with their osteology, it may 
be observed that among those reptiles with four or five toes to each foot, while a 
few, such as ceiiain tortoises; have tbe same number of joints in each toe as 
Mammals, — tliat is to say, two in the first toe, and three in each of thS others, — in 
t*lie greater majority there is a departure from this simple arrangement. Inflie 
lizards, for instance, the number of joints^in the toes (reclconing from the first td 
le fifth digit) is^ 2, J3, 4, 5, 3 in the fore-limb, and 2, 4, 5, 4 in tlie liinil-limb ; 

while in crocodiles, where tliere are but four to(?s in the latter, the numbers are 
respcctivelj^ 2, 4, 4, 3, and 2, 3, 4, 4. In this increasing number of joints in the 

toes from the first, to the fonrtli, such reptiles ap[)roximato to birds. 

As regards their soft intei*nal parts. Reptiles are cliaracterised by the low 
development of their brains ; which, in conjunction with their cold blood, accounts 
for the generally sluggish movements of their existing representatives. With the 
exefeption of the ci’ocodiles, R(‘ptiles difiei* from Birds in that the heart has oidy 
three, in ])lace of four, complete chambers, tlius causing the freshly oxygimated 
blood A^turning from the lungs to be mix(‘d with the effete blood which has 
traversed th(^ body. Even in crocodiles, where the heart has practically four 
chambers, tlie fresh ami elfete blood is partially mingled, owing to a communica- 
tion ])(dween the vessi‘l8 just outside the heart. Ijikc Birds, Reptiles never have a 
midriff* completely S(‘parating th(^ cavity of the clu^st from that of the abdomen. 

Classification Rei^tiles having coim^ into existence at an earlier period than 
and Distribution. Mammals or Birds, and attaining an (mormons development 
duryig (‘})Ochs wlum both those gronj)s were but fc^cjbly represiaitcM], it would be 
oidy natural to expect that they should have suff'ered to a much greater extent by 
the extinction of types with the lapse of tim(\ As a mattm* of fact this is found 
to be th(^ case; the number of existing oi’ders of Reptiles being now but four (of 
which one is represented by only one or two s])eciiis), wh(.Teas, if we include the 
extinct iypes, at least nine ordiu's may be iTCognised These nine ordcirs, of which 
the extinct ones are indicated by asterisks (*) may bo named and arranged as 
follows, viz. : — 

1 . OuocoDiLEs — (h-ocodilia. 

^2. Binosaurs — Dinosaiiria. 

*3. Flyino ])JiA(ji()NH — Ornithosauria. 

4. Tortoises and Turtles — Ch(h)nia. 

^ 5 . Plesi os attr I AN s — Plesi osauria. 

(). Lizards and Snakes — Squamata. 

* 7 . Ftsti-Lizards — Iclitliyosauria. 

5. Tuateras, or Beaked-Lizards — Rhynchocophalia. 

^1). Mammal-Ltke Reptiles — Anomodontia. 

Of these groups, by far tlie most numerously iM.^presentcd at the present day 
is the oi^cr containing the lizards and snakes, all of which are highly specialised 
l|prms, occupying a position in the class analogous to that ludd by the perching 
birds in the preceding class ; the majority being comparativedy small or inecliuiti- 
sized forms. Next in point of numbers come the tortoises and turtles, all of which 
are protected by the presence of a bony carapace, and some of which attain very 
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large dimensions. The third numerical position in the fauna of the present day 
is held by the crocodiles, of which there are some twenty-four species, all ?)f 
relatively large size, and all more or less aquatic in their habits. The fourtif 
existing order is now represented only by the lizard-like New Zealand tuateras, of 
which there. is probably but a single species; although in past times there were 
a host of allied forms. ' Of the five extinct orders the whole, or nearly the whole, 
of their representatives ceased to exist with the close of the Secondary period, 
that is to say, soon after the deposition of the chalk, and previous to that of the 
overlying London clay. During that long period, or “ world of reptilei^,’’ Ihe class 
attained a development which it never equalled before or since. The Dinosaurs, 
which were by far the largest of all land animals, then filled the place now 
occupied by Mammals; the flying dragons played the ]*dle of th(i bats and binls of 
the present day; while the marine Plesiosaui-s and fish-lizards did duty for wdiales 
and porpoises. Of the mammal-like Reptiles, it will suffice to speak in the seqtiel. 
With rcigard to tln^ past distribution of the four existing orders, it may be 
mentioned that tlu^ lizards and snakes, wdth the exception of two extinct suborders, 
are practically unknown befoi'c the commencement of the Tertiary period — tli.?it is 
to say, until after the deposition of the Chalk ; hence they may he ]*ega.rded as 
essentially the Reptiles of the present day, when they attain their maximum 
development. Tlu^ tortoises and turtles, although a much more ancient group, 
having existed tliroughout th(i Secondary p(‘i*iod, are, howov(‘r, still at or about 
their zenith. The case is, however, very diftercait with the crocodilc‘s, which were 
represented during the Secondary period by a host of forms quite unlike tliof^c* of 
the present day, and probably iiujre numerous in species than their (^xisting 
rcqiresentatives. Many of the exfcinct crocodiles also (i.Kceeded any of the living 
forms in point of size. Still more markedly is this diminution noticeabhi in the 
case of the tuateras, in which a solitary survivor j'< ‘presents a oncti abundant 
group. 

Owing to the exigencies of space, our remarks on the present distribution of 
the class must necessarily he brief. In the first place, it may he observed that 
whihi no existing R(‘ptiles are denizens of the air, only the turtles and seA-s/^iakes 
are habitual inhabitants of the ocean. Of the terrestrial and fri^nh -water forms, it 
has been found that the distribution does not coincide very closely with that of 
Maijnnals and Birds, so that the zoological regions into which tlio globe has been 
mapped out from the g(X)graphical distribution of th(‘ latter scarcely hold good 
for Reqitiles. This discrei:)ancy may, no doubt, bo partly explained by the veiy 
(*ar]y period at which certain grouj)s of the class, such as crocodiles and tortoises, 
spread themselves over the surface of th(‘. glob(‘. As regards the dispersive powers 
of Reptiles in general, these, according to Dr. Gunther, arc but limited. All tlu^so 
creatures, he writes, “ are much specialised in their mode of life and propagation, 
and ill-adapted to accommodate themselves to a change of external conditions. 
As air-breathing, cold-blooded animals they are unable to withstand ’prolonged 
cold^ they are therefore entirely absent in the Arctic and Antarctic* zones ; and 
such as escape the effects of the wdnter months in temperate zones bypassing 
them in a torpid condition in well-sheltered places are not peculiarly 
organised forms, but offshoots from those inhabiting waimer climes. Tlidtropical 
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and subtropical zones are the real home of the reptilian type, w^hich there has 
* reached its greatest development as regards size and variety of* forms. In the 
ifbrth, Chelonians advance only to 50"^ latitude in the Western and to 50° in the 
Eastern Hemisphere ; lizards to about 56° in British Columbia, and dose to the 
Arctic Circle in Eux'ope ; while snakes disappear some degrees b(d*ore the lizaitls. 
Also in the south, lizards extend into higher latitude's than Snakes, namely, to the* 
Straits of Magellan, whilst the latter do not seem to have advanced bey(\pd 40^^ 
south latitude, and Chelonians to JKi”.” 

Of tfie Various zoological rc^gions into which the globe has been divided, the* 
Oriental or Indian region, accoi'ding to the sanu', observer, is characterised by the 
number of fresh-water so It- tortoises ^ and S-necked tortoises,^ land-tortoises being 
scarce. Crocodiles, inclusive of tlie characteristic long-necked garials, are numerous, 
jis are lizards and snak(?s — (‘specially pythons. Africa is comparativ(‘ly poorly off’ 
for lleptiles, although characterised by its numerous land-tortoises, soFt-tortoises, 
and side-necke<l tortois(;s;^ the cj‘ocodil(‘s being njprosented only by members of 
the typical genus; while lizards and snakes are comparatively numerous. Among 
the lizards, monitors, and among the snakes, pythons, are common to the Oriental 
and African riigmns ; while half of the (‘xclusiv(dy Old World group of chamad(‘ons 
are African. Ma<lagaseai‘ is (‘ven moni ]*emarkable for the number of its 
chamadeons; its land and sido-iujcked tortoises are numerous, although soft- 
tortoisi's, as in Stxutli Anua’ica, ai’e absent; tlnu’e is one crocodile; and aiming the 
lizards the South Anun'ican group of iguanas is abundant; while the snakes, 
amoyg wliich non(‘, is ])ois()nous, art^ also of a South American typ(\ In the 
warmer j)ai-ts of the Kin*o- Asiatic region (exclusive of India, cdc.) the reptile fauna 
is mainly a. mixture of Oriental and African types, although there are some 
peculiar f(a*ms. The only non-Am(‘rican alligator inliabits tJentinl China. In 
the Australian or tropical l^acific i-(*gion, (ixclusive of Nt‘W Zealand, we meet with 
one group of land-tortois(*s, side-necked tortoises, and a crocodile: while amongst 
the lizards th(‘re aj*e skinks, geckos, monitors, and the so-called agamoids; the 
latter occurring in all the irgujiis above iimntioiKid, except Madagascar. Venomous 
snake# here outnumber the harmh^ss ones. The Tropical and South American 
region is chai-ac Wised by the presence of land and side-necked tortoises, \o the 
exclusion of soft-tortoises. Crocodiles and caimans are numerous (th(‘ latter being 
characteristic); while of the abundant lizards the majority arc iguanas, the true 
lizards {Lacerlidv) of th(‘. Old Worhl being replaces! by the teiias {TeiUkv): 
snakes are also numerous, among them b(‘ing rattle-snakes and boas. In the 
15 * 01^11 ifmerican region there are no caimans, theii* place being takeai by an 
alligator ; while fresh- water S-n(‘cked tortoises, as well as soft-tortois(\s, replace the 
side-necked tortoises of the southern half of the continent. The snapping tortoises 
{Chd}j(lri(hu) are also mainly charactei’istic of this region, although one genus 
ranges as far south as Ecuador. As regards its lizards and snakes, this region 
pWsents the same relation to th('. prec(^.ding as is held hy Euro- Asia to the Oriental 
aiid Africau*r(^gions. Lastly, New Zealand stands apart from all other countries 
in possessing’ the ri^markabh^ tuatera, in addition to which its only reptile^ arc 
skinks and geckos. 

• 1 For ^lie explanation of tliese and other names, the reader must refer to later chapters 
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Crocot^tles, Dinosaurs, and Flying Dkai^ons, — Orders Crocomlia, 
Dinosauria, and Ornithosauria. 

The living crocodiltis, aiiion^ which may he inclmh'd in a general sense not only 
the )*cptilos to which that name more properly IxOongs, hut likewise Wiose 
commonly designated alligators, caimans, and garials, are tlie only existing 
representativ^es of three orders, which compi*ise among tlndr members not only 
the most ]iighl3'" organised of all Reptiles, and those which appi’oach nearest in 
their organisation to Birds, hut likewise th(i largest of all terrestrial Reptiles, as, 
indeed, of any land animals. Although these three orders possess many charactei- 
istics in common, it will he more convenient to describe the leading features of 
each separately, in the course of which tludr common attributes will he pointed out. 



SKELETON AND AHDOMINAL lllBS OF OROCODILK. 


CharacteristicB Sluggish in disposition, hideous in form, and huge in size, 
of Orocodiles. crocodiles alone among existing Reptiles serve in some measure to 
I'ecall the giant Saurians with which the earth was peopled during earlier periods 
of its existence. "^In addition to their large bodily size, crocodiles are clwiracterised 
by the lizard -like foj’m of their bodies, which are Ruppoi*ted on short limbs, ai]fl 
carried close to the ground. The long and powerful tail is much compressed from 
side to side, so as to be an efficient propeller in swimming ; its superficial extent 
being increased hy a vertical longitudinal crest on its upper surface, this crest 
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being formed of n double sca'ies of horny lobes in the basal half of the tail, beyond 
wliicli it is single. Tlie head terminates in a Ihittened snout of variable length, 
^ind is attached to the body by a short, although muscular neck ; whUo the bulky 
body is much depressed. The toes are more or less webbed. Externally, the back, 
{ail, and urider-2)arts of these animals are j)rotccted by an armour of quadrangular 
horny shields of varying size, which are aiTanged in 3 -(*gular longitudinal ami 
1»"an^verse rows, ^ ami are in contact with one another by their edges. '‘Jn the 
region of the back, and sometimes also on the under surface of the body, thesjp 
liorny shields are underlain by a corresjionding sc‘ries of pitted 1)01137^ plates. In 
the region of the neck, among existing members of the order, these bony jilates 
are often ii-regular in form, and vaiy in Jiuiubm*, but on the l)ack they aro alwa^'s 
quadrangular and broader than long, with a W(dl-mai*ki‘d longitudinal ridge dowm 
th(; middle. vSiich j dates form a consid<‘rable nnmbt‘r of longitudinal rows: each 
plalc articulating by its edges with those on eitlun* side, wdiilo those of (‘ach 
transverse row overlap tl)Ose imme<liately behind them. When a bon 3" shield is 
developed on the under surfaces of thti bod3% the number of longitudinal lV)w^s of 
jdatoH in existing forms is alwa3"S more than eight; the transverse rows of jdates 
overlap2)ing and each plate being composed of tw^o distinct 2»ec(\s united together 
by suture. The lind)s ani ])rovi(h‘d wnth fiv^e toes in front ami four bdiind ; the 
thr(‘e innermost digits in each foot being furnished wdih claws. In all crocodiles, 
whether living or extinct, the conical tt‘eth, wdiich ma3^ b(‘, of veiy large siz(^, aro 
confined to the margins of the jaws, wdi(‘re they are inqdaiited in distinct sockets ; 
whije thos(» in use an', continually being rej)laced by fr(‘sh oiu's growing from 
beneath. ^.l''hese animals ai*e fiirtlua’ characterised by tlnnr nostrils ojx'ning at tho 
cxtreinit3^ of the snout — winch may be either short or long — and by their ears being 
covered with movable li<ls. 

Such are some of the leading external features of thes(^ rcj^tilos, and although 
they w^ould suffice to distinguish them from the living membe^rs of the order, 
they are insufficient to determine their true affinities. La3dng stress uj^on the 
above-juentioned characters of their teeth, the naturalist is accordingly compelled 
to ros4)rf to tho skeleton and soft internal parts for moi*o distinctive chaj^acto’S. 
In the skull all crocodiles are characterised hy the (juad rate-bone (of which the 
position is imlicatod in the figure on j). 2) being firml3^ united with the adjoining 
bom^s ; while a further distinctive feature is to be found in the 2}resence of two 
bony bars on the sides of 
the skull behind the socket 
ior the eye, the uppermost 
of these arches being sliowm 
immediately • below the 

letter £ in the accompany- bkull of extinct crocodilb {Pelagosaurua), 

ing figure, while the lower O, socket for U»c eye ; T, temporal pit or fossa. 

and more slender one forms 

tlie backward continuation of the inferior margin of the e3"e-socket. The more 
anterior ribs (which, as in other Reptiles, are present in tho neck as well as in the 
chest) generally articulate with the backbone by means of two distinct heads ; 
and, while collar-bones are wanting, there is a breast-bone and likewise an inter- 




14 


CROCODILES, 


clavicle ; the latter being tlK‘- median bar seen in the lower iigure of the illustration 
on p. 10. A fnrtiior peculiarity is the presence of seven or eight pairs of abdominal 
ribs in tuc wall of the abdomen, which liavc no connection with the proper ribs, 
and hav(‘. theiu angle of union directed forwards.^ As regards the soft parts, the 
licart (litters from that of all otlu'r living Reptiles in liaving four complete chambers, 
so that the fi*esli and impure blood can only mingle by meajis of a communication 
betwe 9 ii the great vessels externally to the heart ; while there is also an incomplete 
midriff dividing the chest from the abdomen. 

In a<ldition to the prectMling cbaractcu’s, which are common to all members of 
the order, there are certain others found only in the existing forms and some 
of their nearest extinct allies. One of the most remarkable of these peculiarities 
is the extremely backward position of the apertui-c of tlie internal nostrils, whicli 
in the dried skull, as shown on p. 2, is situated close up to ilui occiput, this being 
due to the development of special platiss by the bones of the palate, which gi*bw 
beneath the nasal passage, so as to form a floor to it, Jind thus completely cut it 
off from the cavity of tlie mouth. As the summit of tlu*. windjupo is continued 
upwards into this posttuior apertuix* of the nostrils, crocodiles are enal)le<l to 
breathe whil(‘- tlunr moutlis art^ wide opt^n and tilled with water. Anotlicr dis- 
tinctive featur(‘ of the group, also sliowii in the figure just referred to, is that the 
socket for tlie ey(^ communicates freclj^ h(‘)nnd with the low(u* teiiiporal fossa. 
Then, again, all existing members of tlui orchu* are characterised by tlie bodies of 
the v(‘rtebne liaving tlie ball behind and the cup in front; while the ribs of the 
chest arc provided with liook-like or uncinate pi’ocesses rc^soiiibling those of birds. 
In the region of the neck the ribs present the peculiarity of having backwardly 
projecting and overlapping proc(‘sses, which ettectually prevtuit these animals from 
turning their heads to one side. 

(h*oeodii(‘s arc deniztms of the tropical and subti'opical regions of 
tlie globe, and are found in such latitudes wherever tliere arc rivers 
or fresh-water lakes of sufficient size for their mod(i of life; while one of the 
Indian species habitually resorts to the sea-coast, where it has been seen floating at 
a considerable distance from the land. All of them are excellent swimuiers, and 
are mainly propelled when iu the water by the aid of their powerful tails ; the 
limbs being chiefly used when walking at the Ix^ttom of the water, or on the short*. 
Wluui in repose, crocodiles lie like logs either in tlie water or on the banks of the 
lakt\s or rivers they inliabit; but when in pursuit of their prey in tlie water they 
move with great speed, while they are also active on land. The young are, 
however, decidedly nimbler in their movements than are the adults. Exclusively 
carnivorous in the diet, some members of the order feed solely upon fish ; while 
others, in addition to fish, prey upon the flesh of all animals that eoine in their 
way. Adult crocodiles, writes Dr. Gunther, “ attack every largo animaT which 
accidentally approaches them, and in overpowering it the whole of their powerful 
organisation is called into requisition. Seizing the victim between their capacious 
jaws, and fastening their long, pointed, conical teeth into its flesh, they draw it, 
in one moment, by their weight and "with a stroke of the tail, below the water and 
drowm it. Their gullet is, liowever, much too narrow to allow of the passage of 

1 These abdominahribs, connected together by the ligament, are shown in the figure above referred to. 
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the entire body of the victim ; and their teeth being <adapted for seizing and 
hdldifig fast only, and not for biting, they are obliged to mangle the carcase, 
tcaiing off single pieces by sudden strong jerks/^ This rending process is mainly 
accomplished by lateral inovements of the head and front portion of the body. 
Too \)tten, human beings, who incautiously bathe in crocodile-haunted watei-s, fall 
victims to these bloodthirsty reptiles ; while there are instances of people being 
seiz<^*when merely stooj)ing down to dip water from the river's marge. When 
scdzed, the only way for an unarmed man to escape is, it is said, to thrust his 
fingers intoT tll!b creature’s (^yes and endeavour to gouge them out. To a consider- 
able extimt crocodiles are nocturnal in their habits, and during protracted droughts 
many of them at least are accustomed to bury themselves in the mud, where thej^ 
become torpid. 

As regards their rc ‘production, crocodiles lay from twenty to sixty eggs, of 
tlK‘ approximate size of tho.s(‘ of a goose, and invested with a hard, white shell. 
Those are d(‘posited in some holloAV in the sand of tlie bank, where, after being 
covered to a greater or less depth, they are left to hatch. Whether the parent 
always gissists in the incubation does not appear certain, although this lias been 
proved to b(^ the case in Madagascar by Dr. Voeltzkow. In that island the egg- 
laying season lasts from the end of August to tlic end of September; th(i usual 
numlxT of eggs in a nest v’arying from twenty to thirty. The nest is exca\'ated 
to a tle])th of about two f(‘et in the dry white sand ; its lateral walls being under- 
mined so as to allow the eggs to roll into the cavities thus formed from the 
slightly^ elevated centre. Upon the summit of the completc^d nest, which is not 
noticc^able externally, tin'. ])ai*(mt sleeps; and when the young crocodiles arc I’eady 
for hatching th(*y utt(‘r distinct notes, which are heard by the mother even 
throng] i a layer of two fiH^t of sand. Digging down to the eggs, the parent 
crocodil(‘. hiys tlunu open to the air, upon which the young reptiles make tlieir 
way out by peidbrating the slndl at one extremity by the aid of a tooth specially 
(leA'cloped for this purpose, the whole process occupying as much as a couple of 
hours. When hatched, the young crocodiles are IcmI to the water by their parent, 
whose ai^etition they attract hj uttering cries, which are, however, of a lower 
pitch than those emitted while still in the egg. 


Existing Chocodiles. 

Family (hiocoDiLiiKi^:. 

^ The whole of the existing members of the order are included 

CaiitLaiis. .... ® . . . 

in a single family, which may be subdivided into half a dozen generic 

groups. 0£ these, in some respects the most specialised are the caimans and 
alligator^, which, although closely allied, are now generally regarded as belonging* 
to, distinct gehera. Both caimans and alligators are characterised by thjBir rela- 
tively short and broad snouts, in which the edges of the jaws are festooned, and 
the nasal bones extend forwards to the ajierture of the nostrils,^ while the two 

1 Tliis iM Hiiown in the figure on p. 2, whore the nasals are the paired bones on the upper aspect of the s^ull, of 

which the nfirmiv i-irtitifa -iiiaf irifr» Utd on\’-5ftr nf +1 ip nncivilK 
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halvi‘s of the lower Jaw aic united in front by a \eiy fohort bony union. The 
stout tiH^tli \ary conM(l(‘ral)ly in size in different parts of the jaws, the third and 
iiintli in the upp(‘r Jaw, the fourth, and frequently also the first and elevenlb) in 
the Jowei, lu'ing genei«illy much larger than the others In these featuies caimans 
and alligatois ic'st^nihle many of the true ciocodiles, from which they arc di^tin- 
guislusl by the circumstance that, as a inile, both the fijst and the fourtli tooth on 
(*acli sid<‘ ol the 1ow(t jaw are received into pits in the uppei jaw, so as 'to be 
iu\isil)le externally wlien the mouth is closed, while the upper teeth bite on the 
outer side of thc‘ lower ones Moreover, the number of t('eth \aiies from seventeen 



to twenty on each side of the upper jaw, and from seventeen to twenty-two in 
the lower jaw Then, again, both these groups are characterised by the very small 
size of the upper temporal fossa' on the top of the skull, or those marked T m the 
figure on p 18 , these foss«*e being in some cases completely obliterated Caimans 
are specially distinguishes! by the aperture of the nostrils not being divided in two 
by the nasal bones, by the ])resence of a strongly developed bony arinouf^ on the 
infei'ior surface of tlu* body, and by the bony plates on the upper surface being 
articulated together. « 

Caimans, or jacares, as they are cqjled by the natives of Brazil, aie restricted 
to Central and South America, where they are represented by five species. Of 
these, the largest, ami at the same time the best known, is the black or great 
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caiman (Caivian nigeT^, from th^e rivers of tropical South America eastwards of 
the Andes, which takes its name from the black of the upper surface of the body, 
the* under-parts being yellow. This species, which generally attains a length of 
atoout 14 feet, is characterised by its partially bony and flat upper eyelid, by the 
presence of upper temporal fossae in tlie skull, by the number of teeth in each 
.premaxillary or anterior upper jawbone being five, and the number of lower tet?th 
being ^ seventeen or eigliteen. Nearly allied, although of much smaller size, are* 
th# bfoad-nosed caiman {C. latirostHs), ranging from the Amazon to the p.io de 
la Plata, and the spectacled caiman (C. aderopa), from Central and South America,* 
both of which have the upper eyelid rugose, with a small horn-like projection,* 
wliile in the skull the socket of the eye, does not extend so far forwards. Both are 
uniformly blackish when adult ; but in the former the skull is very wide, and* the 
number of lower teeth from seventeen to eighteen, while in the latter the skull is 
narrower, and the lower teeth vary from eighteen to twenty. The two riiinaining 
spectes (C. irigonaivbs and 0. palpehroaua) are still smaller, and characterised by 
the colour of the upper-parts being yellowish brown, spotted and barred with 
black ; while the upper eyelid is completely bony, the skull has no upper temporal 
fossa, .there are but four teeth in each premaxillary bone, and the number of lower 
teeth is from twenty to twenty-two on each side. 

On the Amazon and Orinoco, as well as other South American rivers, caimans 
ai’c to be met with in myriads, and appear to be very similar in their habits to the 
crocodiles of the Old World. Writing of the great caiman — jacarc-uassu of the 
natives — Bates says that “ it grows to a length of eighteen or twenty feet, and 
attaiys an enormous bulk. Like the turtles, the alligator [as he calls it] has its 
annual inigrations, for it retreats to the interior pools and flooded forests in the 
dry season. During the months of high water, therefore, scarcely a single in- 
dividual is to be seen in the main river. In the middle pari of the Lower Amazon, 
about Obydos and Villa Nova, where many of the lakes with their channels of 
communication with the trunk stream dry up in the fine months, the alligator 
buries itself in the mud and becomes dormant, sleeping till the rainy season returns. 
On the Upper Amazon, where the dry season is never excessive, it has not this 
habit, t It is scarcely exaggerating to say that the waters of the Solimoens are as 
well stocked with large alligators as a ditch in England is in summer with tad{)oles.” 
By the natives of these regions the caiman is at once despised and feared ; the 
same traveller relating how on one occasion he saw a party boldly enter the water 
and pull to shore one of these large reptiles by its tail ; while at another time two 
medium-sized specimens that had been captured in a net were coolly returned to 
tlie water hard by where a couple of children were playing. Sometimes, however, 
they have to pay dearly for such temerity. The Indians of Guiana, according to 
Watertoii, capture the caiman by means of a baited hook and line, the former 
being composed of several pieces of wood, which become fixed in the creature's 
jaws.* Waterton's account of his ride on the back of a caiman thus caught is 
. probably ftoiliar to many of our readers ; and we have read of a similar feat being 
accomplished elsewhere. The eggs of the great caiman, which are about the size 
of those* of a turkey, are said to be not unfrequcntly de|)Osited in a heap of *dry 
leaves, aiid arc much sought after as food by the natives of Dutch Guiana. 
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AUiffators. early Spaniwli settlers of South America on meeting with a 

gigantic lizard-like reptile naturally applied to it the name of unit 
lagarta^ which is the Spanish term for a lizard ; and this as naturally became in 
coursQ of time corriijited into alligator. It would appear, indeed, that this naiho 
was first given to the caiman, to which in strict propriety it should therefore 
bdong ; but now, by the common consent of naturalists, it is taken as the special 
•designation of the melnbers of the present genus. Tlie alligators, as tlnis restricted, 
are re.pros(mted liy one species from North America, and by^a second fro;n ttie 
Yang-tse-Kiang in China; while there is also a third and imperfectly" known 
species, of which tlie habitat is as yet undetermined. The alligators* difler from 
the caimans merely by the forward prolongation of the nasal bones of the skull, 
so as to divide the aperture of the nostrils into two equal moieties, by the want 
of articulation between the bony plates of the back, and the abs(‘nce or extreme 
thinness of those on the lower surface of the body. Curiously enough, the Chineses 
alligator {Alligator sineiwis)^ which is a comparatively small species, is the* one 
coming nearest in structure to the caimans; this approximation being shown by 
the great development of bone in the upper eyelid, and the presence of thin bony 
plates on th(i lower sui*face of the body. The latter arc, however, placed, wide 
apart, without any mutual articulation or overlai)ping. In this sjx^cies the front 
toes are free, the number of plates on the neck is usually six, although these may 
be reduced to four, whih? generally there ar<i but six plates in the widest of the 
transverse rows on the back. The number of teeth in the upper jaw is seventeen 
or eighteen, against eighteen or nineteem in the lower. In (colour the upper-parts 
are greenish black, spiickh'd and streaked with yellow ; while the undcjr-part^S are 
greyish. In the much laiger Mississippi alligator (A. 7niss!>^sq)j}ie)ons)^ pf which 
the dimensions exceed those of the gi*eat caiman, the front toes are webbed, there 
are but four plates on the mjck, and tliere are always eight plates in the widest 
of the transverse rows of the back. There are nineteen oi* twenty tiioth on each 
side of both jaws ; and in the adult the colour is dark green or blackish above, 
and yellowish below. The range of this species embraces the South-Eastern United 
States, from the llio Grande to Noi'th C^arolina. Idui third species (^l. helois) is a 
small one, distinguished by the slight compression of the tail, which is sotircely 
crested. * 

Our knowledge of the Chinese alligator (which was first made known to science 
in 1879) in the living state is mainly or entirely derived from specimens exhibited 
in the menageries of Europe ; while the accounts of the mode) of life of the Missis- 
sippi species are by no means so full as is desirable. It appears, however, that the 
latter spends the greater part of its time in the water, where its main diet is formed, 
by fish, although it will seize and drag such sheep, goats, dogs, deer, or horses, that, 
while drinking, come within reach of its terrible jaws. During flood-time, when 
many of the lowlands are under water, the alligators leave the rivers to feed on 
the^fish which abound in the flooded districts; returning to their old quarters* with 
the subsidence of the inundations. To such flooded lowlands, writes Audubon, “ in 
the early part of the autumn, when the heat of a southern sun has* evaporate^ 
macii of the water, the squatter, the hunter, the planter, all go in search of sport. 
The lakes then are about two feet deep, having a fine sandy bottom. . . . The long. 
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narrow Indian canoe, kept to hunt these lakes, and taken into tliem during the 
freshet, is soon launclied ; and the party seated in tlu? bottom is paddled, or poled, 
to look for water-game. Then, on a sudden, hundreds of alligators are seen 
dispersed all over the lake ; their head and all the uppcsr part of their body floating 
like log, and in many instances so ivsembling one, that it recpnres to be accus- 
tomed to see them to know the distinction. Millions of the jarge wood-ibis are 
seen wading tln-ough the watcii*, muddling it uj^, and striking deadly blows wdth 



MISSISSIPPI ALLIGATOR (5^, nat. size). 


their bills on the fish therein. ... It is then that you see and hoar the alligator at 
his w«rk : each lake has a spot deeper than the rest, rendered so by these animals 
who work at it; and always situated at the lower end of the lake.” By this 
means a supjdy of water is ensured ; and in these so-calh^l alligators’ holes the 
reptiles may bo seen congregating in hundreds. Tlie fish, that are already dying 
by thousands through tlie insufferable heat and stench of the water, and the 
wounds of th(i iliflerent winged enemies constantly in pursuit of thorn, resort to 
the alligators’ hole to receive refreshment, with a hope of finding security also, ancl 
follow down the little current flowing through the connecting sluices ; but no 1 for, 
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as the water recedes in tlie lake, tlicy are here confined. The alligators thrash 
them, and devour them whenever they feel hungry, while the ibis destroys that 
make towards the shore. looking attentively on this spot, you plainly see the 
taifs of the alligators moving to and fro, splashing, and now and then, when missing 
^a fish, throwing it up in the air. The hunter marks one of the eyes of the largest 
alligators, and as t^ie liair-trigger is touched the alligator dies. Should the ball 
strike one incli astray from the eye, the animal flounces, rolls over and over, 
bcifting furiously about him with his tail, frightening all Ins •com pan ions, who sink 
immediately; whilst tlu^ fishes, like blades of burnished metal, leap in all directions 
out of the water^ so tcjrrified are they at this uproar.'* 

During the pairing-season, which takes place in the spring, the males resort 
to the land, and are but seldom seen ; wdiile soon after the fcanale deposits her 
hard white eggs, which arc said at times to be upwards of one hundred in number. 
The nest in which the eggs are laid is generally placed among bushes or reeds, at 
a distance of fifty or sixty yards from the waters edge; the eggs themselves being 
carefully covered with leaves and other vegetable matter. The heat engendei'ed 
by the decomposition of the latter, aids in the hatching of the eggs ; and when the 
young appear, tluiy are conducted to the water by the mother, who has all the 
time remained on guard near the nest. 

Double-Tusked In the middle and lower Tertiary deposits of both Europe and 
Aiii€:atorB. United States, the present group was lepresented by certain 

extinct alligators {Di'plocynodon) characterised by the presence of a bony armour 
on the lower surface of the body, coupled with the circumstance that the fourth 
tooth of the lower Jaw was generally received into a notch in tlie side of the skull, 
while the third lower tooth was as much enlarged as the fourth. Some of these 
double-tusked alligators had short snouts, like their existing allies; but in one 
from the London Clay this part of the skull was much produced, as in manj^ 
crocodiles. 

stumpy A small and short-nosed crocodile (Osteolcvmus tetraspia) from 

CrocodUa West Africa, in the neighbourhood of Sierra Leone, where it was 
discovered by Du Chaillu, presents much the same relationship tjo the true 
crocodiles as is held by the alligators to the caimans. Idius, \\diilo th<5 arrange- 
ment of the teeth is similar to that obtaining in the true* crocodiles, the nasal 
bones extend forwards to divide the cavity of the nostrils into two halves. 
Moreover, the upper eyelid is largely bony, while there are detached bony 
plates on the lower surface of the body, as well as on the throat. The shield of 
the neck is distinct from that of the back, and is composed of two ox, three paifSs 
of plates, of which the anterior ones are very large; while that of the back 
comprises seventeen transverse rows of plates, the broadest row including tsix of 
such plates. The ridges on the plates of the neck are strongly iharkec^ but they 
become very obscure in the two middle rows of the back. The fore-toes have 
'only rudimentary webs, although those of the hind-limbs are webbed for about 
half their length. With the exception of parts of the head, tail, aud back, wjiich 
are light brown with black markings, the coloration of the adult is uniform blaCkish 
l)rown. Young specimens arc, however, yellowish brown, spotted with black above, 
and with bars of the same on the body and tail ; while the lower armour is black 
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and yellow. Practically nothing is known as to the habits of this peculiar species, 
whicli are, however, probably very similar to those of its allies. 

TrueVocodiles crocodiles comprise rather less than a dozen species, 

ranging over Africa, Southern Asia, Northern Australia, and {IVopical 
AmeVica. Having no bony armour on the lower surface of the body, they arc* 
distinguished from the caimans and alligators by the interlocking of the uppei* 
and lo\ver teeth, and by the fourtli lower tooth being usually received into a ngteh 
on the side of the upper jaw, so as to be partially visible when the mouth is closed, 
while the number of teeth varies from sevemteen to nineteen on each side of the 
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upger jaw, and fifteen in the lower. From the stumpy crocodile they are distin- 
guished by the aperture of the nostrils in the skull not being divided by the 
forward prolongation of the nasal bones. While some of the species resemble the 
alligators^ in their broad and short snouts, others have elongated, narrow snouts, 
approaching those of the garials ; but as tliere is an almost complete gradation 
from ili*o one type to the other, this affords no ground for generic distinction^ 
so that the niost that can be done is to arrange them in groups. 


Indite Crocodile. 


Commonly known to the natives of India* as the magar, and 
misnamed alligator by Anglo-Indians, the Indian crocodile {Crocodil'iH^ * 


paliisirifi) is the bc^st known representative of a group of four species which, 
in their bl-oad and sliort snouts, make the nearest approach to the caimans and 
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alligators, Iii all these the leiigtli of the snout docs not exceed one and a half 
times its basal width ; the bony union between the two branches of the lower jaw 
doea not extend behind tlie hivel of tlui fourth or fifth tooth ; while on the palate 
the line of union betwc^en the anterior and main jawbones (premaxilhe and 
*tnaxillai) extends nc'arly straight across the skull, as shown in the figure on 2. 
Tlui Indian ci-ocodile has no bony ridges on the snout, while there are usually four 
longitudinal rows of bony platess on the back, and th(n*o are five tcHith iii each 
anieri^)!' up))er jawbone or ])remaxilla. An allied species (il rohitdm) from the 
interior of Madagascar, differs by having six longitudinal rows of plates on the 
back; while the Uuban crocodile ((\ rlioinht/er), of Central America, and a nearly 
I’elated species (0, moreleti), from Guatemala, are distinguished by having a more 
or less distinct obli{iue ridge in front of tlie eye. 

The habitat of the Indian crocodile includes India, Ceylon, Burma, and the 
Malay Peninsula and Islands; its most Avesterly range being Sind and Balucliistan. 
Inhabiting rivers, lakes, and marshes, it appears to be an exclusively fresh-water 
species, never venturing into estuaries. As to tlui dimensions attained by this 
spt^cies there is some uncertainty, although it is ])robable. that <it the presemt day 
specimens seldom grow to the size that was I'eached Ixifoi-e fireaj’ins were common. 
Nowadays from 12 to 14 feet a])pears to bo a large size for this species, but a 
Icaigth of 18 feet has be(in recorded, while skulls in the Calcutta Musiaun would 
seem to indicate still larger individuals. A nearly alii ( h 1 extinct speci(‘s has left 
its remains in tlie Siwalik Hills of Northern India. Swarming in most of the rivers 
and marshes of India, except where the ciirrmit is too swift, the Indian crocodile 
is stated to be less ferocious than the species next mentioned, generally preying 
on the smaller animals, and not unfrequently di'aggiug down a wounded or dead 
bird before the eyes of the gunner. When the waters tlioy fre(iuent become dried 
up, these crocodiles Avill eitlier travel acioss countxy by night to another lake oi' 
river, or bury themselves in tlie mud. 

Estuarine Resembling its compatilot in its pale olive colour, conspicuously 

Crocodile. spotted with black, the estuarine crocodile (d porosits), of India and 
other regions, may be at onc(i distinguished by its longer and more sleiider snout, 
as W(dl as by the jiresence of only four tcetli in each antenor jawbone or pre- 
maxilla of the adult. It belongs, indeed, to a group of four species, differing from 
the preceding assemblage in the length of the snout varying from i*ather moi*e 
than one and a half to just over twice its basal width ; and also hy the line of 
union between the ant(*i*ior and main jawbones running in a V shajie up the 
palate. Tlie presence of a large ridge running down the skull in front of the 
eye serves to <listinguish this species not only from all the other members of the 
group, but likewise f)*om the Indian crocodile. The present species generally, if 
not invariably, inhabits tlui tidal portions of rivers, from whence it descends into 
the sea, where it has been observed floating at considerable distances from land. 
These estuarine and partially marine habits will readily account for the wide 
geographical distribution of this crocodile, which ranges from India to Australia. 
Unknown on the western coast of India, the estuarine crocodile is abundant in the 
lower courses of the rivers of Bengal and other parts of the eastern side of India, 
as well as in Ceylon and Burma, whence it extends eastwards to Southern China, 
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Nortec™ Australia, and tlic islands of tlio Solomon and Fiji groups, in point of 
size it probably surpasses all other species, one specimen being recoj’dcd which 
reached the enormous haigth of 33 f<‘et 

^In correspondence with its gigantic siz(‘, this crocodile appears to be one of the 
most formidalde members of its kind, being exceedingly prone to attack human 
beings, tinore especially in the breeding-season, which takes place during June 
and*Julty, when it i?i stated to attack such small boats as may cross its hamjits. 










m 




I .( 


< t 

















ESTUARINE CROCODILE (3*0 liat. size). 


• • 

Owing to its doprediitions, these crocotlilt^s arc cordially di'tested as well as 
feared by the natives of India, and at Dacca, on the north of the Bay of Bengal, 
crocodile-Jiuntirig is pursued as a profession. The following account of the pursuit 
of one of these monsters which had recently carried off a boy is abridged from a 
native newspaper. The hunter, having been summoned, moored his canoe hard by 
the place where the tragedy had taken place, it being well known that a crocodile 
which has been succe.ssful in securing a victim will generally remain for some days 
about the ^pot. Soon the crocodile was descried floating on the water, whereupon* 
the hunt«r and assistant hid themselves in the canoe, while the son of the former 
entered the water, which lie commenced to beat with his hands. . Catching sight 
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of the boy, the crocodile prepai-od to dive towards liini, upon which the boy^took 
refuge in the canoe. In a monient or so the reptile rose to the surface a,t the 
expected spot, wliere Iuj was saluted with a couple of harpoons, one of which 
secured a Krm hold. After a long chase, in whicli a number of the inhabitants 
of the village took part in boats, a second harpoon was safely planted in the head 
of the monster, wlio was tinally dragged to shore. When opened, several gpld and 
silvpv ornaments — the relics of earlier victims — were found .in his stomach. In 
Ceylon, according to Sir J. E. Tennent, crocodiles are frequently captured by means 
of a hook and line, wliich are laid over-night in the water, and made fast, in the 
native favshion, by a bunch of fine cords. These cords becoming fixed between the 
interstices of the creature’s teeth, are safe from being bitten through; and in the 
morning the captive is dragged ashore and despatched. It may be added that, 
when thus captured, crocodiles emit a disagreeable musky smell, due to the secretion 
of a pair of glands in the lower jaw. 

Nile Crocodile Formerly inhabiting the Nile from its mouth to its source, the 

Nile crocodile (C. nitoticus), from the invasion of its haunts by steam 
vessels and tlie introduction of rifles, has now well-nigh disappeared from Egypt, 

even ns far back as the year 
‘ 1870 being but rarely seen 
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NILE cKocoDiLE. abscnco of the ridge in front 

of each eye, this species differs 
from the other two members of the same group by the want of any ridge on the . 
middle of the snout or forehead, so that its whole skull is comparatively smooth. 
In size it falls but little, if at all short of the estuarine crocodile ; although differing 
from the latter by the uniformly dai*k olive colour of the adult. 

As the habits of this crocodile do not differ in any important respects from 
those of the other members of the genus, they do not require any detailed notice, 
although a few words must be devoted to its cult by the ancient Egyptians, among 
whom it was known by the name of champsa. By these remarkable people the 
crocodile was regarded as the symbol of sunrise — possibly, it has been suggested, 
on account of the brightness of its eye, or, perhaps, because that is tlie first part to 
appear when th^ creature emerges from the water. Among the places where the 
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crocodile was specially reverenced were Thebes and the sliores of Lake Moeris, as 
w5ll a^s Ombi, near Syene. At Thebes a crocodile was reared from youtli in the 
temf>le, where it was fed with saci‘(Kl food, adonied with lings and bangles, and 
worshipped witli divine honours ; while after death its iniiminified body was care- 
fully preserved in the catacombs, whiire hundreds of embalmed crocodiles are still' 
to be fqund. Something analogous to tliis Egyptian veneration for the crocodile 
is tef be nuit with iii otlior countries. Leith-Adams tells us that the Indian 
crocodile is , reclaimed by certain religious sects in India, being rendered so tame 
that it will leave its pond to feed out of its keeper’s hand; while Mrs. R. B. Lee 
relates that at Dix Cove, on the north-western coast of Africa, a pair of tamo 
crocodiles were kept in a pond by priests, dressed in white garments, who fed their 
charges witli snow-whit(’s fowls. 

In the Upper Nile the favourite haunts of the crocodiles are sandbanks, 
situfite.d in parts of the riv(‘r wh(ire the curi-ent is not too strong. There they 
may bt^ seen at all hours of the day sleeping with widely opened mouths, in and 
out of which tlio black-back e<l plover (as mentioned on p. 475 of the preceding 
volunuO walks with the utmost unconcern. According to Arab accounts, one and 
the same cn)codile has been known to haunt a single sandbank throughout the 
t('rm of a man’s lif(‘ ; thus leading to the conclusion that tliese creatures must enjoy 
a long term of existence, during the whole of which they continue, like other 
reptil(‘s, to increase in size. In common witli this feature of uninterrupted growtli, 
all crocodiles are also distinguished by their remarkable tenacity of life ; the shots 
tliat ])r 9 ve instantaneously fatal being those that take effect either in the brain 
itself or in, the sjniial cord of the neck. It is true indeed, that a shot through the 
shoulder will ultimately cause death; but it allows time for the animal to escape 
into the water, where its body immediately sinks. To reach the brain, the 
cr(3Codile shouhl be struck immediately behind the aperture of the ear. Although 
it is commonly supposed that the bony armour of these reptiles is bullet-proof, this 
is quite erroneous; if the plates arc struck obliquely, the bullet will, however, 
frequently ricochet. 

A r^Jinarkable instance of boldmvss and ferocity displayi'd by a crocodiUi of 
this species is narrat>t‘d by a corr(‘spondent of the Times during a journey' to 
Mashonaland. On arriving one evening at the banks of the narrow but rocky 
Tokwi River, a man named Williams rode in with the intention of crossing. 
During the passage his horse was carried by the stream a few yards below the 
landing-place, and just as he reached the opposite bank he was seized by the leg 
by a crococlilo, which draggcnl him from his horse into the stream, Tliere the 
reptilp let go its hold, upon which the man managed to crawl on to a small island. 
Immediately liis companion rode in to his assistance, upon wdiich another very 
large crocodile mounted up between liiin and his horse’s neck, and then slipped 
back, milking a dreadful wound on his side and in the horse’s neck witli its claw» 
as it did so. * The river seemed, indeed, to be absolutely swarming with crocodiles ; 
aniit was with tlie greatest difficulty that the unfortunate man Williams, who 
ultimately" died of his wounds, was brought to bank. 

^ ^ The Siamese ci'ocodile ((\ sUnnemsis), inhabiting Siam, Cambodia,, 

’ and Java, maybe distinguished frOm the preceding species by the. 
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presence of a longitudinal ridge on the skull between the eyes, althougli the pnout 
is smooth. It agrees witli the latter in having the anterior bony plates of the.iieclc 
well*developod, these being usually absent in the estuarine crocodile. 

Sharp-Nosed The last member of this grouj^ is the sharp-nosed crocodile 

Crocodile. amn*icanufi) of Central America, which has a longer and sharper 
muzzle than any of tlie preceding, and is further charactei-ised by the prc^^ence of 
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a distinct median ridge running down the snout. There are usually four large 
Ijony plates on the neck, forming a square, with a smaller pair on the sides of the 
front ones ; while the plates of the back are arranged in fifteen or sixteen trans- 
verse rows, and in cither four or six longitudinal bands. Tn the fore-limb the 
second and third toes are but slightly webbed, while the outer toes of the hkid- 
foot arc united by larger webs. Tn coloration the adult is blackish oHve above, 
and yellowish beneath ; while the young are pale olive with black spots. In 
addition to beii\g widely distributed in Central America and the adjacent regions, 
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such as Ecuador, Colombia, Venezuela, and Florida, this crocodile is also met with in 
t^e *A^est Indian Islands. 

^Orinoco Nearly allied to the last, although with a still longer and Inorc 

CrocodUe. slender snout, is the Orinoco crocodile {C. iidenned tus)^ which is 
referred by Mr. Boulenger to a third group, characterised by their very slenileV 
and garial-like snouts, of which the length is eipial to at feast twice the basal 
brej»d’tli; and also by tlie bony union between the two branches of tlie lowei^jaw 
extending as far back as the sixth, s(iventh, or eiglith tooth, instead of stopping 
short at the Iffth. In this parlicidar species the snout, which has no ridges, varies 
in length fi*om twice to twicer and a half the width at the base ; while the six bony 
plates on the neck are widedy separated from those of the back, and are arranged 
in a s(piar(^ of four, with a pair on the sides. The colour is olive above and 
3 "ellowish beneath, while in l)()th this and the 2 )rec(Hling species the length is about 
13 f(*d. Tlie Orinoco crocodile, appears to be confined to the river from which it 
tak(‘s its name and its afflmuits. The lH‘st accounts of th(‘ Oilnoco and shai‘p- 
nosed ci'ocodile art^ by Humboldt, who states that these i*eptiles swarm on the 
Apure, whc'.ni they may often be scMiu in parties of eight or ten lying on the open 
space betwe(‘n the shor(i of the river and tlie forest. At the time of liis journey 
the river was, however, still low, and consequently Inuidreds of crocodiles were 
lying concealed beneath th(i mud of th(i adjacent lowlands. In the stomach of one 
that was optnu'd were fxiuiid a half-digested fish ami a granite peblile; the latter 
having probably been swallowe<l inadvertently while the animal was groping about 
in the yiud in search of food. In spitci of their comparatively slender jaws, tlu^so 
crocodih'S fi’cMpumtly seize the natives wliile st()0[)ing to draw water from the riv<ir. 

A large portion of their prey is, however, aflbrded by the defenceless carpinchos, 
which are im^t with in drov(\s of from fifty to sixty head, and fall victims to tin*, 
jaguars on land and to tlui crocodiles in the water. In their young state — when 
only from 7 to 8 inches in haigth — ^the crocodiles themselves are, however, devoured 
l)y vultures, who seize them on the shore or in the shallow water. It was curious, 
observes Humboldt, to see the address with which the little reptiles defended 
themselv^'ff for a time against their aggressors. As soon as they perceived the 
enemy, they raised themselves on their fore-paws, bent their ba-cks, and lifted up 
tlieir heads, opening their wide jaws. They turned continually, though slowly, 
towards their assailant to show him their teeth, which, even when the animal had 
but rcjcently issued from the egg, were very long and sharp. Often, while the 
gittention of one of the young crocodiles was wholly engaged by one of the 
vultures, another seized the favourable opportunity for an unforeseen attack, 
pouncing on the unfortunate reptile by the neck and bearing it off in the air. The 
anecdote told by Humboldt of a native of Calabozo being awakened in the middle 
of the ni^t by one of these crocodiles suddenly breaking through the mud of tlie 
floor of •his hut, beneath which it had retired for the dry season, is probably 
familiar to most of our readers. 

L^ig-Nosed * Omitting notice of the small Johnston's crocodile (C. johnstoni), 

CrocodUe.. of North Australia, the last member of the genus is the cuiious long^^ 
nosed crocodile (0, cataphracUis), of West Africa, which forms a kind of connecting 
link between the other true crocodiles and the garials. In this species the snout 
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is more elongated and slend(‘.r than in any of its congeners, its length not nnfre- 
qnently exceeding three times its basal width ; the bony union between the two 
branches of the lower jaw being likewise of unusual length. In form the snout is 
convex, and devoid of ridges ; while the region of the forehead is remarkable for 
its convexity. The great peculiarity about the species is, however, to be found in 
the arrangement of tlio bony plates on the neck, which form two longitudinal rows, 
and are partially if not completely continuous with tliose of the back ; a some- 
what similar arrangement existing in Johnston’s crocodile. On the back the 
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number of longitudinal rows of shields is six ; and the lower parts of the legs^ as in 
many other crocodiles, are furnished with a jagged horny fringe.- In colour the 
head is olive spotted with brown; the back and tail have a brownish yellow 
ground-colour, with large black spots, while the yellowish white undcr-p'arts are 
marked with smaller white spots. In length this species reaches some 18 feet. 

The long-snouted crocodile is found in the rivers and marshes of West Affica, 
'’from Senegambia to the Gabun, and also occurs faid/her to the south in the Congo; 
, its native name being khinh. Not unfrequently found in company with the Nile 
'crocodile, it inhabits the smaller streams and still waters of the interior, generally 
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taking up its position in a deep pool protected by an overhanging bank or rock, 
ajjd *t\nince sallying forth on its prey, which consists chiefly of fish, frogs, and 
aqijatic reptiles. The eggs are laid on the bank, where, unlike those of most other 
members of the family, they are carefully covered with leaves and hei’bage. Shy 
ancL timid in its disposition, this crocodile is often captured by the imtives for tlic 
sake of its flesh ; which, like that of many of its allies in oUier regions, is much 
esteemed as food. While very abundant in the fresh watoivs of the interior, this 
spociesMikewise haunts the salt-water lagoons of the Cuinea Coast; and in •the 
delta of the ,Cameruns may be observed lying on the sandbanks bordering the 
mangrove swamps, from which, on the approach of a boat, it diW’ts into the water 
with surprising celerity. There it often pulls down herons and such other aquatic 
birds as may be standing or swimming in the water, sailing up to them with the 
silence of a large fish, to which, when in the water, it presents a considerable 
resemblance. As in thci (vstuarine and Nile crocodiles, in the adult of this species 
the second tooth in the fore jawbone, or premaxilla, disappears, leaving only four 
in place of the normal five on each side. 

seWegers Gariai With the V(‘ry long and slender-snouted crocodile from Borneo, 
commonly known as Schlegers garial (Rhynchosuc/ats scldegeli), we 
come to tlie first of two gtai(*ra, each j*epresented by a single existing Oriental 
species, which difter very remarkably from any of those yet noticed. In both 
these forms the snout is long and slender, with its toeth-bearing margins nearly 
straight, instead of being thrown into more or less well-marked festoons ; vrhile 
the nasal bones nciver extend forwards to reach the apertxire of the nostrils, from 
which •they arc separated by a considerable interval. Moreover, the bony union 
between the two branches of the lower jaiv is of great length, extending at least 
as far back as the fifteenth tooth ; and including a bone which in the other 
crocodiles remains entirely separate from the symphysis. In neither do the 
teeth attain the large dimensions characteristic of many other members of the 
family. 

Schlegels garial has the shorter snout of the two, its length not exceeding 
three and, a half times its basal width; but it is especially distinguished by the 
circumstance that the nasal bones extend forwards to articulate with tlie antm'ior 
jawbones, or premaxillte. The teeth are twenty or twenty-one in number on each 
side of the upper jaw, and eighteen or nineteen in the lower ; those on the sides of 
the latter being received in pits between the upper ones, and the first, fourth, and 
ninth lower teeth being enlarged. The bony plates on the neck and back form a 
^continuous, shield consisting of four longitudinal,^and twenty-two transverse rows ; 
and while the fore-toes are webbed at the base, the outer ones of the hind -feet have 
larger webs. In colour, Schlegefis garial is olive above, with dark spots or bars ; 
while it^ length may be 12 or 14 feet. In habits this species is probably very 
similar^to the Indian garial. It is important to notice that several fossil i‘epre- 
sentatives of this genus occur in the Tertiary deposits of Europe, while it is not 
improbable tbxt the genus is also represented in the underlying Cretaceous rocks. 
Alf this is^ exactly in harmony with what we should naturally have expected to 
the case, seeing that SchlegeVs garial, like the true garial, is evidently a very 
generalised member of the family. 
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its snout ; the length varying froni more than live times the basal width in the 
young to rather more than three in the adult. ' This narrow snout gives to the 
reptile a decidcMjly curious appearance; and it is perhaps noteworthy tliat both 
the garial and the gangetic dolphin, which inhabit the same rivers, and probably 
feed on the same kind of food, have similarly elongated beak -like snouts, armed 
, ^vdth very similar curved and slender conical teeth ; this resemblance being doiibt- 
less due to adaptation to a similar mode of life. From SchlegeVs garial, the 
present species is readily distinguished by the nasal bones being very short, and 


GARIALS. 


31 


% 

• ■) 

consequently separated by a long interval from the anterior jawbones, or pre- 
inaxill^ ; while tlie teeth — twenty -seven to twenty-nine on each side of tlie upper, 
anc^wenty-five or twenty-six in the lower jaw — are all of nearly uniform size, 
and fliose of tlu^ low(*r jaw arci not received into distinct pits. Moreover, tl^e bony 
union betwecm the two branches of the lower jaw extends backwards to the 
twenty-third 01 * twenty-fourth tooth, whereas in the Bornean sppeies it stops short 
at the fqurteei:ith or fifteenth. At its extremity the long and narrow snout 
becomt}s ijiucli expanded ; and in the male this expanded extremity is surmounted 
])y a hollow hump, in the centre of which are placed the nostrils. The bony plates 
of the neck form a shield continuous with that of the back, in wluch the number 
of longitudinal }’ows is four, while there are twenty-one or twenty-two transverse 
bands. Externally to the bony shields of the back there occurs on each side a row 
of soft plates, which are either smooth, or but slightly keeled. The toes are well 
Widjbed ; and the general colour of the adult is dark olive above ; the young being 
j)ale olive, with dark brown spots or bars. 

Tli(^ garial has a somewhat curious geographical distribution, being restricted 
to tlie Indus, Ganges, and Bramaputra, with their larger affluents, together with 
the Mahanadi in Oi issa, and tlie Koladyni River in Arakan. 'l\)gether with certain 
tortoises meiitioruMl later on, this reptile is one of the most ancient of living 
animals, its fossil r<muiins occurring in the rocks of tlie Siwalik Hills in Northern 
India in association with those of mammals belonging to extinct species and 
genera. Attaining a length of fully 20 feet at the present day, and still larger 
dimensions during the Pliocene Y)eriod, the garial subsists solely upon fish, for the 
capture of which its elongated narrow jaws, arnuid with numerous long, cuiwed 
teeth, are admirably adaY)ted. There ajijiears, indeed, to be no well authenticated 
instance i)f thesis nqitiles having attacked human beings or the larger mammals ; 
and it is Yicrhaps owing to this hamiless disposition that thoy are held sacred in 
many j)arts of India. ])y the Hindus. In accordance with thci nature of its prey, 
the garial scioms to be more thoroughly a([uatic in its habits than most of its allies : 
the relatively long hind-limbs and the lully-webbed toes being features specially 
suited to aid in swimming. In the bi-ee( ling-season the femah^ garial lays about 
forty eggs Mi*the sand of the river bank, tbesii being deposited in two layers, anej 
covered to a considerabk) dejDth with sand; the two layers being probably laid on 
<lifferent days. The newly hatclu^l young, which, from the great jDroportionate 
length of tluiir snouts, present a most extraordinary appearance, are very active, 
and of a greyish brown colour, with live irregular dark oblique bands on the body, 
and nine on the tail. 


Extinct Qarials. 


In addition to those of the existing species, the Siwalik Hills 
have yielded remains of several extinct garials, some of which attained 


gigantic dimensions ; while other species belonging to the living genus have been 
obtained froin the middle Tertiary rocks of England. Possibly, also, certain fossil 


garials froifi the Cretaceous deposits of the United States should find a place in the 


sam§ generic gi^oup. Other Cretaceous species are, however, remarkable for the 
presence of a vacuity in the skull in front of the eye-socket, in consequence of 


which they haVe been separated as a distinct genus, under the name of Thoracosa urua, 
Mention mu^t also be made of an enormous garial from the Siwalik Hills, known 
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as Rhampho,wDius, which attained a length of some 50 or CO feet, and had teeth as 
large as those of the biggest crocodile ; its upper teeth bitiug on the outeir side of 
the lower ones, instead of interlocking with them, as in the living form. 

The Eaiiliek Crocodiles. 

As already mentioned, all the existing crocodiles, together with tJie species 
from the Tertiary formations, constitute a single family, cliaracterised by the 
vertebra) having a ball in front and a cup behind, and by the internal nostrils 
being situated at the hinder end of the skull; as^well as by the bony plates of the 
back being arranged in at least four longitudinal rows. Although a few species 
found in the topmost beds of the underlying Secondary formations approximate in 
some respects to tlie foregoing, the majority of the crocodiles from i-ocks as old or 
older tlian the Chalk differ very considerably from the existing tyi)ea In the first 
place, the bodies of tlicir vertebrae articulate with one another by slightly hollowed 
surfaces at both ends ; while, owing to the want of union between the hindmost 
bones of the palate beneath the nasal passages, the internal apertures of the nostrils 
are situated nearly in the middle of the skull. Th<‘n again, wlnm a bony armour 
is present, the plates on the back are arranged in only two longitudinal rows; 
while those on the lower surface of the body form two distinct shields. It is 
remarkable that among these extinct crocodiles some are met witli having l)road 
and slioiii snouts like the modern alligators, while others have long and nan*ow 
snouts like the garials. In the Wealden and Purbeck locks, underlying the Chalk, 
some of these crocodiles, such as the short-snouted Swanage crocodile (Gon iopholis), 
resembled living types in liaving the socket of the eye communicating fieely with 
the lower temporal fossa, although they were distinguished by the plates of the 
back articulating together by means of a j)eg-and- 80 cket arrangement. In still 
older formations, such as the Lower Oolites and Lias, there were, however, many 
long-snouted crocodiles, such as tlio steneosaurs (Steiieomuras) and pelagosaurs 
(Pelac/osaitruf^), in which the socket of the eye is divided from the lower temporal 
fossa by a bony bar, as shown in the figure on p. 13. JVIorcov(‘r, in these forms the 
uj)per temporal fossa {T in the figure cited) was larger than the socket f)f the eye ; 
whereas in all living foims the former is much the smaller of the two, and may even 
be obliterated. Another group of crocodiles, — the metriorhynchs {Midriorhynchus), 
— of the Oxford and Kimeridge Clays, were remarkable in having no bony armour 
at all, in which respect they were more specialised than any of their living cousins. 
In general, however, the earlier extinct crocodiles, as will be gathered from the 
foregoing remarks, were decidedly of a less specialised type than those of the 
present day ; and as a gradual transition can be traced in these respects from the 
oldest to the most recent, the group affords a very interesting instance of progressive 
evolution. In the veiy oldest of the secondary rocks, namely, the Trias, there occur, 
both in Europe and India, certain very remarkable long-snouted reptiles, known as 
Parasuchians, which appear in some respects intermediate between crocodiles, and 
tuateras. Thus, while they resembled the former in the nature of their teeth, bony 
armour, ribs, and vertebrfe, they approximated to the latter in the structure of the 
skull, abdominal ribs, and probably of the collar-bones and interclavicje. 
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The Extinct Dinosauks. 

Order Dinosauria. 

• 

JN early allied to crocodiles are those remarkable extinct reptiles from the rocks 
of the Secondary period, which include amongst their number the most gigantic . 
of all land animals, and likewise those members of the reptilian class whidi make 
the nea*i*est approximation in their organisation to birds. During that epoch of the 



UESTORATION OP THE IGUANODON. 


eaith's history in which the Chalk and underlying Oolitic rocks were deposited, 
when mammals were represented by a few small forms of lowly type, these strange 
reptiles were tlie dominant animals on land; some progressing in the ordinary 
lizafd-like manner, while others stalked on their hind-limbs like birds. To give 
some idea of the enormous dimensions attained by some of these creatures, it may*^ 
be mentioned that the thigh-bone of one species measures 64 inches, while the total * 

, ^ VOL. V.—3 
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length of its skeleton is estimated to have been between GO and 80 feet. On the 
other hand, some species were comparatively small, and not more than a coCi-pl^ of 
feet in length. Although the whole of these reptiles are markedly distinct ^^.rom 
the crocodiles, yet they agree with them in the general characters of their 
skulls, vertebra), and ribs ; but they differ so decidedly from one another that it is 
not easy to give iji definition of the entire order. They are, indeed, divided into 
three well-marked groups, with so many differences between them that, in the 
opinion of many they are entitled to rank as separate orders ; and it will, accord- 
ingly, be most convenient to treat these three groups seriatim. , - 

Lizard-Footed The most stupendous members of the order are included in a 
Qroup. group which may be conveniently designated lizard-footed dinosaurs, 
on account of their walking in the ordinary lizard-like manner, and in having five 
toes to the feet. The most striking peculiarity of this gi-oup is to be found in the 



LEFT-SIDE VIEW OF AN IMPEUFECT VERTEBIlA OP A 

LlZAUD-FOOrED DISOSAUB. (Krom the Quart, JNNEB ABD IjATEBAL views op a tooth op 

Joum. Geol. Soc., 1893.) a hoplosaob. 


circumstance that the vertebrae of the neck and back, as shown in the, accompany- 
ing figure, had large cavities in their sides, which in the living state may have 
been filled either with cartilage or with air. These vertebrje resembled those of 
existing crocodiles, as described on p. 6, in having a ball at one end and a , /cup at the 
other ; but whereas in crocodiles the ball is at the hinder end of the body and the 
cup in front, in these dinosaurs precisely the reverse of this arrangement obtained. 
As regards their dentition, these reptiles had their teeth implanted in distinct 
sockets, like crocodiles ; but the teeth thi^tnselves, as shown in the accompanjring 
'figure, were of a peculiar spatulate shape, with the outer side convex and the inner 
concave. Agreeing in the general structure of their pelvis with crocodiles, these 
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dinosaurs were distinguished therefrom by the circumstance that the bone known 
asafie pubis (p in the figure on p. 3) enters into the composition of the cavity 
fo^tbe reception oi the head of the thigh-bone. The limb -bones arc solid 
throughout. From the nature of 
theif* teeth, which are often much 
worn by use, it may be inferred 
that* these reptiles were vegetable 
feeders; and it is not improbable 
that they frequented the margins 
of lakes and rivers, where tfieir 
inordinately long necks would 
enable them to browse with ease 
on the various aquatic 
That they must have been very 
sluggish in tludr movements and 
stupid in tluiir ideas is indicated 
by the wonderfully small propor- 
tionate size of their brains. Those 
dinosaurs were common botli in 
Europe and the United States, the larger forms having been described under the 
names of pelorosaurs (Pdorosawrtfs), atlantosaurs (Atlantosaurns), brontosaurs 
{Brontomwrw)y ai\d hoplosaurs {Hoplosaurm) \ among which the atlantosaurs 
appear^ to have been the most gigantic. They also occur in India, Argentina, 

Carnivorous Tlie carnivorous dinosaurs, of which the 

Group. mcgalosaur {Megalosawns) is the best known 
example, differed from the preceding group in the form of 
their teeth, which wore compressed and sickle-shaped, with 
sharp cutting, and frequently serrated edges. Their limb- 
bones also were liollow ; while their vertebrse were likewise 
hollow internally, but had no lateral cavities; and the 
pelvis (figured on p. 3), although of the same gentral 
type as in the lizard-footed group, presented important 
points of distinction. In place of the short feet of the 
last-named group, the carnivorous dinosaurs had elongated 
foot -bones, terminating in sharp claws; the number of 
functional toes in the hind-foot varying from four to three. 
That they habitually walked on the toes of their hind- 
limbs, and not (as was the case with the lizard-footed 
group) on the whole foot, is evident from the structure of 
this part of the skeleton, and from the circumstance that 
the fore-limbs were considerably smaller than the hinder 
pair, it may be inferred that progression was at least 
frequently accomplished by the aid of the latter alon^i^ 
The close approximation of the huckle-bone of the ankle to 
the lower end of the tibia foreshadows the complete 


and Madagascar. 
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amalgamation which takes place between those bones in birds ; while in one 
remarkable American form the metatarsal bones of the foot were reduc®<^d -to 
three in number, and had nearly the same rclationsliij^^ to 
one another and to the bones of the ankle as obtains in 
birds. While the megalosaur attained a height, when cJrect, 
of some 1 5 feet, the little Compsognathus, of the lithographic 
limestones of Bavaria, did not stand more than 2 feet; and 
there were other equally diminutive fofhis, both in ISngland 
and the United States, in which the whole backbone was so 
penneated by air-cavities as' to be little more than a mere 

THE r.EPT HUCKLE-BONE AN!) shcll ol boilC. 



LOWER END OF TIBIA 
OF THE MEOALOSAUR.— 

After Gaudry. 


The Bird-Like The whole of the dinosaurs mentioned 
Group. above agree with one another in possessing a 
pelvis approximating to the crocodilian typo; that is, to say, 


the pubis or anterior lower bone of this part of the skeleton is inclined down- 


wards and forwards, and thus diverges in the form of an inverted V from the 



SKELETON OF THE CLAOSAUR, ONE OP THE BIRD-LIKE DINOSAURS Bat SXZe).— iffter Marsli. 


backw^rdly and downwardly directed ischium, or posterior lower bone, as shown 
on the figure on p. 3. On the other hand, in the bird-like dinosaurs the main 
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bar of the pubis is inclined backwards, parallel to the ischium, while it has 
a secondary plate projecting forwards. In this parallelism of the pubis and 
iscHium these dinosaurs resemble birds (see the figure in Vol. III. p. 290), and birds 
alone*; and from this and other fcjatures it is pretty certain that the latter are 
derived from reptiles more or less closely allied to this or th(5 preceding group of 
dinosaurs ; the resemblance in the one case being closest in the structure of the 
pelvis; and in the other of the hind-limb. All the bird-like dinosaurs are furjiher 
characterised by the* presence of a separate chin-bone {pd in the figure on p! 3) 
at the extremity of the lower jaw ; by the _ 

absence of teeth from the front of both ^ 

jaws; by the te^eth themsel ves approximat- i % 

ing more or leas closely to tho tj'pe of the W - %. 

one here represented, and by being ire- nii|i 

quently not implanted in distinct sockets; M W I ||« '"||■r rtip 

and likewise by the vertebrm being com- HB | I 

pletely solid throughout. The typical ii!i/ f 

representatives of this group are the well- 'R 

known iguaiiodons, originally described on I I 

the evidenctJ of teeth, from th(5 Wealden } V*,;; 

rocks of England, Init now known by 

entire skeletons from tlui corresponding ^ 

deposits ot Eelgium, vdiich are exhibited in kjuanodon. 

the museum at Brussels. These reptiles, 

which were rejiresented by allied forms in the United States, habitually walked 
on their three-toed hind-limbs, the largest individuals attaining a length of some 
33 feet. They are characterised by the limb-bones being hollow, by the length 
of the metatarsal bones of the foot, by the first digit of the five-totRl fore-limb 
being converted into a largo conical spine, and also by the teeth being of the type 
of the one shown in the accompanying figure. Needless to say, animals wdth 

such teeth must have been pui’oly vegetable 
feeders, as indeed were all the other members 
of this group. The hind - feet terminated* in 
rather sharp claws, and there was no bony 
armour on the body. The iguanodons probably 
stalked about among the palm -forests of the 
Wealden period, on the leaves and fruit of 
After Marsh. which they may be presumed to have in great 

part subsisted. In these reptiles the large 
flattened and serrated teeth were arranged in each jaw in a single row, but in cer- 


i»AV^JMENT-LTKBjrEETH OF THE TRACHODON.— 
After Marsh. 


tain smalk'r forms known as trachodons, 
which «ccur in the higher Cretaceous 
rocks of both Europe and Nortli America, 
tliefe were several rows of teeth in use 
at the same time, the edges of these 
teeth being so flattened and fitted to- 
gether that a pavement- like structure 


ah c 



TERMINAL TOE-BONE OF AN ARMOURED 
DINOSAUR. — After Marsh. 
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resulted. These trachodous were all much inferior in size to the gigantic 
iguanodons. The American claosaur (Claoaaurna), of which the skeleton is figured 
on p. 36, differs from the iguanodons in having the fore-paw of normal strucfarc. 
Nearly iillied to the iguanodons are the remarkable armoured and horned dinosaurs, 
which constitute a subgroup characterised by their solid limb-bones, the presence 
of some kind of bony armour, the shoi*t foot-bones, frec^uently tt^rminating in 

hoof -like toes, and, the 
habitually quadrupedal 
gait. Comniencing in 
tlie British Lias, these 
extraordinary reptiles 
continued throu ghout 
the Secondary period, 
and seem to ha*ve at- 
tained their maximum 
development at the close 
of the Cretaceous epoch 
in tlie United States. Of 
the armoured forms, the 
hug(‘. stegosaur of the 
English Oxford, and 
Kimeridgo Clays, and 
the corresponding rocks 
of the United States, was 
characterised by the 
2K)sscssion of large quad- 
r angular bones, which 
are believed to have been 
arranged in a vertical 
position down the middle 
of the back, while the tail 
was protected by some 
formidable spines, as 
shown in the greatly 
reduced restoration of 
the skeleton given on 
p. 4. Still more strange 
were the somewhat later 
homed dinosaurs (Ceratops, etc.), of which two views of the skull and a "more 
reduced restoration of the skeleton are here given. In these extraordinary 
creatures the hinder part of the head was provided with a pair of bony horn- 
like projections, which were doubtless ensheathed during life with hollow horns, 
like those of oxen; and there was also a single horn of variable size on4Ke 
< nose. The skull was further remarkable for the expansion of its hinder extremity 
into a fan-like shield overhanging and protecting the vertebrae of the neck. Some 
idea of the huge dimensions attained by these dinosaurs will be conveyed by the 



UPPEH AlfD SIDE VIEWS OP THE SKULL OF A HOHNED DlTfOSAUK. 

a, nostrils ; /, brain ; h, lioni ; v , nasal bones ; p, chin-boiie ; r, extremity 
of upper jaw.— After Marsh, 
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statement that an immature skull of one of the species measures upwards of 6 feet, 
whde*{ully adult ones inust have been considerably larger. The extraordinarily 
sma\ size of the brain of these creatures is indicated in the lower figure* of 
the skull. Externally the bodies of these dinosaurs were protected by granules 
and J)lates of bones, which, 
like those of crocodiles, were 
probaj^ly’overlain with homy 
shields. It has yet* to be 
mentioned tlia^ in the horned 
dinosaurs, as shovui in the 
figure of the skeleton, the 
posterior bar of the pubis has 
disappeared, and only the 
front bl'anch IHJinaillS, thus chin-bone, other letters as in the figure on p. 4. — After Marsh, 

causing the whole pelvis to 

simulate that of the carnivorous group, to which it has no real resemblance. 

We have yet to learn the reason why, at the close of the Secondary period, 
tliese mighty dinosaurs, together with the fljdng dragons which at the same time 
tenanted the air, and the fish-lizards and plesiosaurs which peopled the sea, should, 
one and all, disappear — and that apparently suddenly — to make way for mammals 
and birds, wliicli henceforth became the lords of creation. 

Flying Dbagons, oh Pterodactyles. 

Order Ornithosauria. 

At the present day bats and birds are the only Vertebrates endued with the 
power of true flight, but during the Secondary period, when the former were 
unknown and tlie Latter but poorly represented, the place of both was taken by 
the flying dragons, or, as they ai'e called, from the structure of their wings, 
Pterodactyles. While agreeing with crocodiles in the essential structure of their 
skulls and in their two-headed ribs, these curious reptiles have the other portions 
of their skeleton more or less specially modified for the purposes of flight. In the 
relatively large size of the brain — which is doubtless essential for a flying animal 
— and general bird -like form of tlie skull, as well as in the keeled breast-bone and 
general fonn of the collar-bones (although these are not welded together into a 
furcula), the •pterodactyles present a curious similarity to birds. Misled by these 
resemblances, some anatomists have, indeed, been induced to consider that the 
two groups are pearly related, although a more mistaken notion never existed. 
Such resemblances as do exist between the two groups are due, indeed, to that 
parallelism in development to which we have already had occasion to call atten- 
tion as existing between totally different groups of animals whose mode of life 
is similar. 

He most distinctive feature of the pterodactyles is to be found in the 
modifications of the bones of the fore-limbs for the purpose of supporting a wing, 
which toot the form of a membranous expansion of skin analogous to that con- 
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stituting the wings of bats. This wing was mainly supported by the great 
elongation of the bones of the fifth digit or finger of the fore-limb, as sh6\vi^ in 
the accompanying figure of the skeleton, and likewise in the restored represeht/ition 
of ones^f these reptiles. The membrane thus vsuppoi’ted seems to have extended 
"backwards along the sides of the body to include the upper poi^tions of Hhtf legs, 
between which it Was extended to embrace the base of the tail in those forms in 

which the latter ap|ieiidage was 

fully developed. Moreover, in 
“ t^-ded Species, the 
extremity of thc' tail itself was 
M provided with a racket -shaped 

)I expansion of membrane, which 

/I M iJ have seiwed the pui'i^ose of 

^ If ^ €\^ i ^ rudder in flight. If it be 

a li MVfjy f I asked how the pi*esencG of such 

r /i y/ I a membranes is known, it may be 

I A answered that in many of the 

n • \l specimens of these reptiles en- 

ji tombed in the fine-grained litho- 

1 11 graphic limestones of Bavaria 

I Jf actual impressions of these 

f / membranes ha v(; been preserved. 

I I \ i elongated fifth finger of 

I I \ li wing had no claw at the 

* . ! / extremity, although the three 

/ middle ting(irs were thus pro- 

I vide<l. With regard to the first 

finger, or the one corresponding 
to the human thumb, this may 
/f/ have been represented by the 

SKELETON OF A irTERODACTYLE. Small SpHllt - like •boUC SCGU 

^’lie creature U lying on its back, with the head bent to the left depending from the Wl’ist in the 

side, a indicates the left pubic bone; the haunch-bone, or ilium, r. i i mi ^ i * i 

being shown on the opposite side. skeletoil. The hind- 

limbs present no special peculiar- 
ities, but, as most of the bones of the skeleton were hollow and permeated by air, 
like those of birds, we may infer that the lungs were probably also constructed after 
the avian fashion. The vertebrse of the neck resembled thos(i of living croco^liles 
in having a ball at the hinder end of the body and a cup in front. In genei'al 
conformation the skull was remarkably bird-like, the snout being produced* into a 
beak, which in some cases was provided with teeth, while in others^ as shown 
^in the figure on p. 5, it was toothless, and probably ensheatbed during Jife with 
horn. Bird-like features are likewise shown by the large size of the brain-case, 
of which the component bones wore fused together, and also by the union of the 
extremities of the two branches of the lower jaw. 

Pterodacty les flourished during the greater part of the Secondary period, dating 
from the epoch of the Lias, and continuing to the close of the one during which the 
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Chalk was deposited. They are represented by several well-marked types, which 
ni^ fee arranged under three family groups. Of thase the most specialised forms 
ar^lie toothless pterodactyles, or pteranodonts, from the Cretaceous rocks of Korth 
Ainefica ; some of these toothless members of the order far exceeded any flying 
bird'* in"|)oint of size; the estimated span of wing in the largest species being 
upwards of flve-and-twenty feet. This group may be distingufelied not only by the 
total absence of teeth, but ]ikc‘wise by the great backward extension of the hinder 
extremity of the skull. 

In the* t 3 ;pical pterodactyles {IHerodactylus, etc.) the jaws were provided with 



KESTORATION OP A LON(5-TAiLKD PTEUODAOTYLE ( ^ iiat. -size). — After Marsh. 

teeth, — which may, however, have been very mnall in size and few in number, — 
while the skull, as shown in the figure of the skeleton on p. 40, was not produced 
backwardly, and the tail was reduced to a rudiment. The members of this gi'oup, 
whicli arc common in the Oolitic rocks of the Continent, vary in size from the 
dimensions of a sparrow to those of an eagle. Lastly, we have the long-tailed 
pterodactyles {Rkmiipkorh ynckm, etc.), vihich. are likewise of Oolitic and Liassic 
age, and arc at once distinguished, as .shown in the restoration, from the members 
of the preceding group by the fully developed tail. These long-tailed species are 
evidently Jbhe most generalised members of the order; and in the retention of the 
tail in the generalised group, and its loss in the more specialised one, the reader 
will not fail to notice an exact parallelism between ordinary bats and the more 
highly -developed fruit-bats. 



CHAPTER III. 


Tortoises, Turtles, and Plesiosaurs, — 

Orders Chelonia and SaurcJpterygia. 

Among all existing reptiles the most easily defined are those commonly known as 
tortoises and turtles, and technically as Chclonians, since the presence of a more or 
less fully developed bony shell investing the body, and containing within ^it the 
upper portions of the limbs, at once separates them from all other members of the 
class. Indeed, so utterly strange is the conformation of these extraordinary 



VrPEn SHELL OP THE CHAIBASSA TEURAWN, AND A FOSSIL SI»EC1MEN OF THE SAME IN WHICH THE HORNY* 

SHIELDS ARE WANTING. 


reptiles, that if they were met with only in the fossil state they would kievitably 
be regarded as among the most marvellous of all creatures. Here how(?ver, as 
elsewhere, the time-honoured proverb holds good, and our very familiarity from 
childhood with the common European land - tortoise undoubtedly tends f t6 
render us inapprcciative of the marvellous bodily conformation of this group 
of reptiles. 

Although the presence of a bony shell is of itself suflScient to distinguish the 
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group from other living reptiles, it is necessary to add somewhat to this in order 
a comprehensive definition. As regards the skull, this resembles that of 
th^focodiles, in that the quadrate-bone, with which the lower jaw articulates, is 
firmly wedged in among the adjacent bones, to which its relations are, however, 
somewhat diiiercnt. Unlike all crocodiles the jaws are, however, entirely devoid 
of teeth, and are encased with horn, so as to form a cutting b5ak, which is invari- 
ably«short. A further peculiarity in the skull of a tortoise is to bo found in the 
presence of a greatly developed median spine (sup) 
projecting backwards from the hinder region ; exter- 
nally to which are a pair of sliorter processes. In 
other respects, the skull is extremely variable, the 
sockets of the eyes b(nng sometimes, as in the figure 
on p. 47, surrounded by bone, while in other cases 
they are open behind. Sometimes, moreover, the bony 
roof behind the eye-socket in the figure on p. 47 may 
be prolonged backwards so as to cover the whole 
of the region marked jmr in the annexed figure. 

There is an equal amount of variation in I'egard 
to the position of the nostrils, which sometimes open 
on the palate close behind the beak, while they may 
be situated, as in living crocodiles, close to the hinder 
extremity of the skull. A most important feature in 
the structure of tlnsse animals is to be found in the 
circumslanco that the ribs have but a single head 
apiece, and that the more anterior ones articulate at 
the junction between two of the vertebra), so that one portion of the head is 
applied to one vertebra and the other portion to the adjacent vertebra- This 
forms an important distinction from the whole of the orders treated in the 
pi’cceding chapter, in all of which the anterior ribs are provided with two heads, 
both of which articulate to the sides of one and the same vertebra. Passing on to 
the consideration of the bony shell, we find this to consist of an upper portion 
or carapace, shown iy the figure at the commencement of the chapter, and of an 
inferior portion, covering the lower avspcct of the body, which is termed the 
plastron. When this shell attains its fullest development, the upper and lower 
moieties are completely connected together, as shown in the accompanying figure 
of the skeleton of a land -tortoise; but in certain groups the two remain more 
or less separate, and in some cases the lower shell is but very slightly developed. 
Moreover, while the carapace is generally immovably welded to the vei'tebrm of 
the back and the ribs, in the so-called leathery turtle it is separate from both. 
In its fullest developed form, the shell consists of a series of bones articulating 
with one another at their edges by finely denticulated sutures, and thus forming 
a continuous whole, capable of increasing in size by growth at the edges of its 
component elements. In ttiii carapace, the bones forming the middle of the back 
arc formed .by expansions growing from the spines of the vertebras, while the large * 
lateral plates grow upon the ribs, from which they are inseparable. Within the 
cavity thus formed are placed the bones of the shoulder and pelvis, to which are 
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respectively articulated the arm-bone and thigh-bone, so that, as shown in the 
figure of the skeleton, these bones actually come within the ribs, instead of bemg 
external to them, as in all other living animaks. At the fore and hinder extpm- 
ities of "the shell are left large apertures, through which are protruded the'hea<l 
and neck, the fore and hind-limbs, and the tail. A large number of tortoises are 
' able to I’ctract both the 

, head, limbs, and , tail 

within the margins of 
shell, "the apertures 

JV \ \ 1 f I 1 \ TaV which are then filled 

^ y Jy f\^A \ 1 ' ! 1 portions of the 

head and limbs as are 
being protected 

/jA With the exception 

of tlie marine leathery 

SKELETON OP TORTOISE IN LONGITUDINAL SECTION. turtloS aud tllC flCsll- 

water soft-toitoises, in 

which it is invested merely with a continuous leathery skin, the sludl of 
Chelonians is covered with a number of horny plates, which, in the adult state at 
least, are in contact with one another by their cadges. As these hoi'jiy shields are 
very important in determining the different species of tortoises, it is essential to enter 
in some detail into their mode of arrangement, and the names by which they are 
known. In the carapace of any ordinary tortoise, such as the one reprtisented in 
the left-hand figure at the head of the chaphu', we shall find that the middle line 
of the back, exclusive of the margins, is occupied by a single row of large polygonal 
shields, symmetrical in themselves; these shields, which are marked v in the 
accompanying diagram, being known as the VfniehndH. On either side of this 
median series is another row of shields c, which arc not symmetrical in themselves, 
and are tenned eofdals. The extreme margins of tlie carapace arc? formed by a 
large series of much smaller shields, of which tlie anterior unpaired one (nu) is 
tenned the nuchal, and the posterior (ca), which may be oithei' single or double, 
the caudal Between the nuchal and the caudal arc a series, generally eleven in 
number on each side, designated WAirginals (m). These same marginal shields, 
being angulated, pass over the edges of the middle portion of the sliell, and thus 
^cover the sides of the middle of the plastron, or lower shell, as shown in the right- 
hand figure of the accompanying diagram. The shields of the plastron proper are 
generally arranged in pairs, which may termed, commencing anteriorly, gtdars 
(gu)y humerals {hu), iwctoraU (pc), ahdomindls (ah), femoraU (fc), and analh (an). 
In some cases, as will bo illustrated in the sequel, the two gulars maJ^ however, be 
separated by a single intergular\ while, as in the accompanying diagram? there is 
frequently an inguinal shield immediately in advance of each notch for the 
hind-limbs. • » ’ 

‘ This disposes of the external horny shields ; but a few words are necessary 
with regard to the bony elements constituting the shell of a tortoise. On stripping 
off these homy shields from the carapace of a tortoise, the underlying solid shell, 
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as shown in the right-hand figure at the head of the chapter, will be seen to be 
inark^cl by a series of channels corresponding to the borders of these same shields. 
If shell be not that of a very aged animal, there will be seen in addition a 
numwr of finely jagged sutures, marking the divisions between the component 
bone^; and it will be noticed that in their plan of arrangement, although not in 
number, size, or shape, these underlying bones correspond veiy closely with the 
ov'^erlyin^ horny shields. Thus, in the middle line of the carapace we have a sej-ies 
of polygonal plates, symmetrical in themselves, and attached to the summits of the 
vertebrm, which are known as newmls] these being clearly indicated in tlie figure 
referred to. In front, the seriei? is completed by a large nuchal plate, having no 
connection with the backbone, while behind it terminates in one or tM o 
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which are likewise pe^;fectly distinct from the vertebrae. Externally to the neurals 
are placed on cither side the eight cof^tal plates, so named from being attached to 
the ribs ; the inner halves of these plates being alone visible in the shell figured at 
the head of the chapter, which belonged to a rather aged animal. Finally, the 
edges of the carapace are {omied by the marginal plates, which, like the homy 
shieMs simil^trly named, are angulated, and form the lateral borders of the middle 
portion of the plastron. In the plastroi| itself, we find its anterior portion formed , 
by a pair of plates, known as the epi2)lastraU, corresponding to the collar-bones, or 
clavicles, of other Vertebrates; while between or behind these is a single unpaired 
entoplastral element, which may be either dagger-shaped or rhomboidal, and which 
represents the interclavicle of less specially modified reptiles. The remainder of 
the plastron is farmed by three pairs of plates, respectively known as the hyOj hypo^ 
and xiphipUisiralSy of which the latter or hindmost are generally more or less 
deeply notched or forked. These three elements appear to correspond to the ^ 
called abdominal ribs of crocodiles ; and it will thus be evident that Chelonians have 
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no representative of the breast-bone, or sternum, which is s6 commonly present in 
other groups of Vertebrates. 

« As regards their limbs, the members of this order present a great amdu;?jit of 
variation, some of them, like the land- tortoises, having the feet adapted for wafiking, 
while in the turtles the entire limbs are modified into paddles for swimming; In 
some cases, each of the five toes may be furnished with strong, curved claws, but in 
others, like the soft- tortoises, only three are thus armed. As a goneral rule, the 
number of joints in the toes of the fore-limb, counting from within outwards, is 
2, 3, 3, 3, 3, while in the hind-limb they are more generally 2, 3, 3? 3/2, although 
in a few species the number is the same as in the fore-limb. In both limbs the 
number of these joints may, however, be reduced, but, except among the soft- 
tortoises, they are never augmented. Very generally, the surfaces of the limbs, 
especially the anterior ones of the front pair, are protected by horny plates of 
variable size, which, among the land-tortoises, may be underlaid by nodules of 
bone. 

In habits the members of the order display as much diversity as in structure ; 
some being carnivorous and others herbivorous, wliile some are marine, others 
fresh-water, and others, again, more or less exclusively inhabitants of dry land. 
All, however, are fond of water, and even the most strictly terrestrial species can, 
we believe, swim. With the exception of the turtles, the eggs are hard-shelled ; 
and these are in all cases deposited on land, the turtles resorting to the shore at 
certain seasons for this purpose. As regards distribution, tortoises are especially 
characteristic of the warmer parts of the globe, only two species inhabiting Europe 
and these confined to the more southern parts of the Continent. The various 
groups and families are, however, by no means equally distributed over the 
different regions of the globe. The side-necked tortoises, for instance, are now 
exclusively confined to the Southern Hemisphere, and in Australia arc the only 
representatives of the order; whereas the S-necked group attains its greatest 
development in the opposite half of the world, although represented in many 
countries lying to the south of the Equator. The soft river-tortoises, again, are 
confined to the waters of Asia, Africa, and North America, being totally unknown 
both in South America and in Australasia. Giant land-tortoises within comparatively 
recent times have been confined to what are known as oceanic islands, although 
they formerly occurred on most of the large continents ; while the smaller members 
of the same genus are far more numerous in South Africa than they are in Asia. 
J0eologically, the order is a very ancient one, being represented throughout the 
whqle of the Secondary period, and thus commencing at a date when true crocodiles 
are not known to have come into existence, . 

According to our own views of their mutual relationships, the Chelonians may 
be divided into three main groups, or suborders, which may be severally designated 
^ S-necked tortoises (including the turtles), side-necked tortoises, and soft-tortoisea 
Some writers would, however, remove from the first group the so-called leathery 
turtle, to make it the type of a group equal in value to the whole of the other 
three, which are thus collectively brigaded under a common title, ^^doptifig the 
former arrangement, we commence our survey of the various members of 
the order with 
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The Land-Tortoises and Terrapins. 


Family Testudinjdm. 

The land-tortoises, together with the greater number of the fresh -water 
toi*toises, or terrapins, of the Northern Hemisphere, as wel> as their southern 
allies, pallectively constitute one of several families belonging to the first g^eat 
group of the order. From the circumstance that all its 
members are go constructed as to bo able to withdraw 
their heads within the margins of the shell by a bending \\lj 
of the neck in an S-like manner in a vertical plane, the 
group may be conveniently designated S-necked tortoises ; jl 
their scientific designation being Cryijtodira. Since, how- \ j jj |||||H 
ever, the soft-tortoises likewise retract their heads in a 

similar manner, it is obvious that this character alone will i | If I |||^B 

not suffice to define the group, and it must accordingly be I | l| I I j 

supplemented by others. Although the degree of ossifi- jl I 

cation of the shell is very variable in the group, the 

carapace and plastron being in some cases vreld^d^int 9 % j 1 1 

complete box, and in other instances separate, yeVlliere | 1 11 1 11 

is invariably a complete series of marginal bones, con- \ 1 i I | J 

nected with the ribs ; the presence of the full scries of *^| FTT 

marginals, together with the S-like retraction of the neck, \ 1 1 / 

being sufficient to distinguish the group. A peculiarity "7-^1 

in which the members of the group diflTer from those of '■M|j 

the next one, is to bo found in the circumstance that the 

bones of the pelvis remain throughout life unconnected 

with the plastron ; while in the greater number of cases 

the latter, as shown in the accompanying figure, comprises tebbapin. 

only six pairs of homy shields, their being no intcrgular 

shield between the first pair, or gulars. The skull is characterised by the tympanic 
ring (t in the accompanying figure) having a notch in its hinder border, and also 

by the condyle on its quadrate - bone 
■ I ■■■" ■ fitting into a hollow at the hinder end 

of the lower jaw. This S-necked group 
^ includes the marine turtles, and all tfi^. 

tortoises of the Northern Hemisphere, 
with the exception of the soft river- 
tortoises, and thus comprises by far the 
• ^ greater number of the living represent- 

. atives of the entire order. Although well 

SIDE VIEW OP THE SKULL OP A LAND-TORTOISE, WITH .!• Ai»* xi* 

THE LOWER JAW REMOVED. represented m Africa and South America, 

• , . the group is quite unknown in Australia. 

The land-tortoises and terrapins of the family Testudinidm have the shell 
well developed and of a more or less ovoid shape ; the plastron being connected 
with the carapace either by a straight articulation or by means of sutures, while 


SIDE VIEW O^ THE SKULL OP A LAND-TORTOISE, WITH 
* THE LOWER JAW REMOVED. 
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it never hae an intergular shield in frcmt. The limbs are adapted more or iesa 
completely for walking, and are never modified into paddles ; while the fifead is 
eajm-ble of complete retraction within the margins of the shell A very im]^€g?lant 
ptructufel feature in the shell is that the nuchal, or unpaired median bonc'^in the 
front of the carapace, docs not send back processes underlying the marginal bones 
of the same ; while in the tail each vertebra has a cup in front of its body or 
lower portion, and a ball behind. None of the membem of the family are marine, 
but wliilo some are inhabitants of the land, others are more or less exclusively 
dwellers in fresh water. There are, moreover, equally importanif dJftbrences in 
regard to their food, all the land forms being herbivorous, while of those frequent- 
ing the water some subsist on vegetable, and others on animal substances. 

Land TortolMB niost numerously represented genus of the whole 

family is the one including the true or land -tortoises, of which 
there are rather more than forty existing species (counting a few that have 
been exterminated within the historic period). These tortoises, of which a feW 
are more or less aquatic in their habits, have the upper and lower portions of 
the shell completely welded togc^ther, the former being fre(iuently very convex 
and much vaulted; while the top of the head is covered with large homy 
shields. The limbs, which arc entirely adapted for walking, are of a club- 
like form, and are covered witli large horny scales or tubercles; their toes 
being unwebbed and furnished with strong, claw-like nails. The tail is always 
short, its proportionate length not being greater in the young than in the adult. 
More important characters are, however, furnished by the bony shell and skull, to 
observe the former of which it is of course necessary that the horny shields 
should be stripped off. In a slioll thus treated it will be seen that Ijfie unpaired 
median neural bones of the cai’apace are relatively short and wide, and so 
arranged that a four-sided one is interposed between two that are octagonal, 
although in some cases they are mostly hexagonal; while the costal or lateral 
plates are alternately narrow above and broad bt‘low. Moreover, the line dividing 
the costal horny shields from the marginals usually corresponds with the suture 
between the corresponding bones of the carapace, whereas in the other members 
of the family one is above the other ; while a further peculiarity of most species of 
the genus is that there is but a single caudal homy plate at the hinder end of the 
carapace. In the skull the palate is provided with one or two ridges on each side ; 
while the hinder aperture of the nostrils is situated on the line of the eyes. It 
may be mentioned here that, as in the majority of the representatives of the order^ 
the TOirm of the shell differs considerably in tha two sexes ; the maAe having the 
central region of the plastron deeply concave, while in the females it is fiat 
or slightly convex. . “ 

True tortoises are distributed over Southern Europe and Asia, the whole of 
Africa, the southern portions of North America, and South America 4.(inriuaiye 
of the Galapagos Islands). They are strictly herbivorous in their diet ; and certain 
speeies, now confined to oceanic islands, attain gigantic dimensions, and are by'far 
the largest representatives of the family. The species inhabiting ^plder r&gfoiM# 
hibernate during the inclement season by borrowing in the grou|ld,tUrherisaft thbfP 
found in more genial climates are acriv^ throughout the Air t)|a 
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ippeai; to be diurnal in their habits, and although they are all fond of water, 
the common European species always withdraws into its shell at the slightest 
diovfen These reptiles will live to an enormous age, which, in some instances at 
Least, may be reckoned by centuries. According to the classihcation adopted by 
Mr. :6oulcnger, the species of this extensive genus may be arranged under seven 
groups, of which we proceed to notice representative species. 

• ‘ The land- tortoises of North America include three species* ^of 

Florida o 0 e. known is the Florida tortoise {Testudo l^oly- 

xihcmuB\ inhabiting the South-Eastern United States. All these species may be 
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easily recognjlsed by the anterior extremity of the palate of the skull having a 
median longitudinal ridge, instead of the deep pit characterising all other members 
of the genua In the Florida tortoise, as well as in the allied Agassiz’s tortoise 
(2\ agaasizj^^ the length of the shell is more than twice its height, while the beak 
is not hoiked, and the fore-limb is broadest at its extremity. On the other hand, 
in Berlandier’s tortoise {T, berlandieH), from Mexico and Texas, the shell is*' 
proportionately shorter, the beak is hooked, and the fore-limb widest at the elbow. 
These species are all of small size, not exceeding 10 inches in length. 

Bradnaa * The Brazilian species (T. tabiilata), figured above, represents a 
group bjf itself, of which the distinctive characters are as followa 
The carapace is much elongated and eomewhat depressed, with its margins not 
vou.v. — 4 
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(ivcrtod ; its general colour being dark brown or black, with a ycdlowish centre to 
each of the shields on the back. Tlie nuchal shield of tlie carapace is wanting ; 
while in th(^ pla-sti'on the gular shields, althoiigli well dev(ilope<l, are prolonged 
anteri6rly into lieiu-like processes. The head and limbs are mark(‘d with orange 
or red spots, on a dark ground. This handsome tortoise, wliich attains a length 
of nearly 22 indies, is an inhabitant of tropical South America, to the east of the 
Ai?des, and also of tlui Windward Islands, ascending to an eU^vation of about two 
thousand teet. In many wooded districts it appears to be very alnmdant, feeding 
not only on le^ives and grasses, but likewise on the fallen fruit which is to be met 
with in groat <]uantities. In tlie hot S(‘ason it constructs a nest of dry leaves, 
wherein are deposited its eggs, which may be a dozen or two in number. When 
first hatched, the young arc of a uniform yidlowish lirown colour, with their sludls 
still soft, '^fhe young, and to a less (hgn^e the adults, liave, according to the 
Prince of Wied, numerous enemies. Against the puma and jaguar Ibe stout shell 
of even the a<lult seems to be no d(dence, since, according to native reports, those 
animals, on finding one of thes(^ tortoises, will std it uj) on end and scoop out the 
ll(\sh with their paws : while from the oecurrcMice of brokcai slu^lls in the forest it 
would se(3m that in some eas(‘s they arci actually able to t(‘ar the plastron away 
from the carapac(‘. As the fh‘sh is dovoi<l of smell, it is likt^wist^ (‘agerly sought 
after by both Indians and Portuguese, who arij in the habit of ke(‘])ing these 
tortoises — known in llrazil by the name of schabnti — in stews, whi‘ri‘ they are 
fattened for the table. They are also allowed to run about the houses, wlu*r(i they 
are fed chi(‘fly on jdnntains. 

Burmese Th(i four S23eci('S belonging to the third grou]), of which the 

Brown Tortoise. Burmes(', lirown tortoise (71 can/.s) is an example, ai‘(‘ characterised by 
the presence of some very large conical, bony, spur-like tulx^rcles on the lower 
portion of the hind-leg, and th(i circumstance that th(‘. Itaigth of tlui union \n the 
middle line of the anal shields of the plastron is considerably less than that of the 
abdominal shields; the colour of the carapace in the adult l)eing either uniform 
brownish, or yellowish bi'own closely spotted with black. The Purm(‘So brown 
tortoise, which attains a length of 18 inches, while agreeing with tlui sp(‘cies above 
noticed in the jjossession of a, nuchal shitdd on the frcmt of tlui carapace, differs in 
that the caudal shield at the hinder extremity of the same is divided, as in the 
terra[)ins. The shell of this species is much d(‘])r(‘.ssed, with tlui anterior and 
posterior l)orders of the carapace serrated; the adult being dark brown, or blackish 
in colour, while in the young the carapace is yidlowish brown, with dark brown 
jnarkings. Jn a<ldition to the sj)ur-lik(i tubercles on tin*, back of the heel, tlie 
whole of the front of thi', fore-limb is overlain with imbricating bony tubercles, 
arranged in four or five longitudinal rows, aild there are some conical ones on the 
back of the thigh, as well as others on the lower surface of the liind-foot. This 
species is an inhabitant of Assam, Burma, Siam, the Malay Peninsula, and Sumatra, 
where it frequents moist wooded districts, and is believed to be largely aejuatic in 
its habits. The association of a divided caudal shield, with habits reputed to 
resemble those of the terrapins, is somewhat noteworthy. 

In the other thi'ee members of this group the nuchal shidd is wanting, and 
the caudal single. Of these, the Argentine tortoise (T. ar(jrntina) of South 
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America, and the spurred tortoise (iT. calcarala) of Africa, are cimracterised by 
their 'fattened and uniformly brownish-coloured carapaces. (In the other hand, 
the UaVidsome leopard-toj-toisc {T. pardalis) of Southern Africa, has the carapace 
highly vaulted, and closely si>otted with black upon a yellowish brown ground ; 
its adtcrior margin being very deeply notched. 



S1D13 VIKW OF SHELL OF BURMESE BR()\NN TORTOISE. 

(From Guiitlier, Pnfc, Zool. 1882.) 


Th(^ fourth o-roiu) eoinprisos uhoui ten very beautifully coloured 
Elegant Tortoise. .. 

►small, or medium-sized, tortoises, t1u‘ great majonty or which are 

confined to South Africa^, although tlui sp(5cies lierc figured {2\ cUymis) is an 

inhabitant of India, and Ceylon. All theses spc'cic's are easily recognised by the 

carapace being (‘xtrcaiudy convex, and either black in colour, with yellow lines 

radiating from the centre of (iach of the shields of the back, or yedlow, or brownish, 

niark(‘d with radiating black lines. Fr(‘quently, moreover, the sliields of the back 

ar;‘ swolh'ii, so as to form more or less prominent bosses. The Indian species, 

together with an alli(‘d one (T. ])J((fi/n of (()j from Burma, is distinguished from all 

the oth(‘r members of tlie group by th(i absence of the nuchal shield at the front 

of the caraj)ac(‘. Of the otlier eight sjiecies no less than sevem are Houtli African, 

whde the radiated tortoise {T. radiafa) is from Madagascar; one of the best 

known members of tlio group being the common geometric tortoise (71 (jeo'Hietrica} 

of the Capf‘., which attains a length of some 5i inches. In the eyed tortoise 

{T, ocidifero) the pectoral shields of the plastron may not meet in tlui middle 

line, as is the case in some individuals of the Burmese brown tortoise. While th(" 

eh^gant and*geometric tortoise have the cai-apace black, with narrow yellow rays, 

in the (yed tortoise the markings take tlui form of brownish yellow and dark 

browifrays of nearly equal widtli. 

An admirable account of the habits of the elegant tortoise is given by Capt. 
T. Huttan, from which the following extracts are made. These tortoises are fairly 
common in dry, hilly districts, where tht^y inhabit the high grass-jungles at th(5 
fo()t*of the hillsi Nevertheless, tliey are by no meaiis easy to fiTid, owing to their 
colour and. appearance liarmonising so closely with the rocky ground, and from 
their habit of remaining in concealment beneath shrubs or tufts of grass during* 
the heat oT the day. They are tracked by the Bhils of Meywa)* to their hiding- 
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places by following tlio trail of their footsteps in the diy sand ; the same method 
being employed hy some of the wild trib(is of Soutli Africa in the case '6f the 
alljed species inhabiting tliat continent. In the rainy s(aisoii the elegant tortoise 
is, howA3ver, extrenidy active, an<l wandei's about in searcli oi food at all hours of 
the day. At the approach of tlie cold weather these reptikis select a sheltered 
spot, where tliey conceal tlu‘mselvT\s by thrusting their sluills into tliick tufts of 
bushes or shrubs, in order to be better px*otect(‘d from the c(dd. There they 
remain in a kind of lethargic, although not truly torpid, state, till the hot season, 
when they issue out to feed only after sunset and in the early morning. 
Specimens kept in captivity were observed to be very fond of plunging into water 
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during the hot season, where they would remain for lialf an hour at a time. 
They also drank large cpianties of water at tliis period of the year, which they 
took by thrusting in their heads and swallowing in a series of gulps. ‘ About 
November the female lays lier eggs in a shallow pit excavated by herself. One of 
the aforesaid captive specimens in the course of about two l)ours “succeeded in 
making a hole six inches in depth and four inches in diameter; in this she 
immediately deposited Ikt eggs, four in number, filling up the hole again with the 
mud she had previously scraped out, and then treading it well in, and stamping 
upon it with her hind-feet alternately until it was filled to the surface, when she 
bent it down with the whole weiglit of her body, raising herself behind* as high as 
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^'sho could stretch licr Ico-s, und sud<lcnly withdrawing them, allowino- herself to 
drop heavily on the earth, hy which means it was speedily beateii flat; and so 
smooth and natural did it a})pear that, ha<l I not detected her in the perfoianance 
of her, task, I should certainly never havci noticed the spot where she had 
deposited her eggs. She did not immediat(‘ly leave the place after linishing her 
woi‘k, but remained inactive, as if r(‘covering from her fatigues,"' In disposition 
these tortois(\s ai‘e decidedly pugnacious, this being especially the case with the 
mail's. These combats Si^emed to be clnefly trials of strength, one male confronting 
the other, with ^ the hind and fore-li'gs drawn into tlui shell, and the hind-feet 
planted tirndy on the ground, and in this manner striving against each other until 
oiui or both bi'came fatigued. This was done chiefly when they wanted to pass 
each other i]x any narrow space; and sometimes if the one could succeed in placing 
his shell a little beneath the other, he tilted him over on his back, from which lie 
had great diificulty in recovinlng himself; and 1 have frequently found them 
spiviwling thus, making desperate eflbrts with head and feet to throw themselvi's 
back to their natural position, which they were unable to effect unless the ground 
chanced to bo very uneven, so as to assist them." 

, During the Pliocene, or later division of the Tertiary period, 

gigantic land-tortoises were, as atti'sted by their petrifled remains, 
widely distributed over the continents of the world ; species having been obtained 
from India, France, and North and South America. The largest of these was the 
well-known atlas tortoise (71 alhfs) from the Siwalik Hills of Northern India, in 
which the leiigtli of tlie shell was about G feet; the s^jccies itself being apparently 
allied to the existing Ihirmese brown tortoise already referred to. Probably more 
or less abundant during the c'poch in question, with the advent of the ensuing 
Pleistocene epoch giant tortoises seem to have disappeared entirely from the 
continental areas, to survivi^ on certain oceanic islands wlicro they were free from 
the comjxetition of huge animals of liigher organisation. Some of these insular 
species, like those of Madagascar and Malta, did not apparently survive the 
Pleistocene e})Och; wliile in other regions they flourished and multiplii'd till the 
fell presence^ of man led to their partial or total extermination. At the present 
day the few survivors of tlieso monstrous reptiles ar’e being ra2)idly X'educed in 
numbers, and unless sj)(?cial means be speedily taken foi- their preservation, they 
will ere long eiitirel^^ cease to exist. Diu'ing the liistoric period the islands where 
giant tortoises are known to have existed constitute three distinct groups. Two 
of these are situated in the Indian Ocean, and comprise Aldabra, to the north-west 
of* l^dagascar, and the Mascarenii Group — including Reunion, Mauritius, and 
Rodriguez — lying to the east of the sami' ; wlule the third or Galapagos Group, 
taking its name from till'. S])anisli word for tortoise, is situated in the far distant 
South Pacific, off the western coast of South Ami'rica. During tlie sixteenth and 
seventeenth centuries, the tortoises arc stateil to have existed iu (‘noniious numbers 
in all tlie abovc'-nami'd islands; Imt as they atibrded a most valuable supply of 
food, and could be kept alive on board ship, their numbers were rapidly reduciid iu 
those #)f the Indian Ocean, and Aldabra is now tlie only island in that area wliiire 
they still exist in a. wild state. Many of thesis tortoises were, liowevm*, exported 
to the Seyohelles, ami it is believed, as we shall notice below, that one carried 
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thence to the Mauritius is the only living example of the species that formerly 
inhabited Eodriguez. Keganling the abundance of these tortoises in the. latter 
island, Franyois Leguat, writing in 1091, observes that “ there are such plenty of 
land-tyrtles in this isle, that sometimes you sec a thrc^e thousand of them in a 
•Hock, so that you may go above a hundred paces on their backs.” In Mauritius 
they were still abundant in 1740; but about 1701 they were probably scarcer, as 
tliousands W(,‘re then impoi-ted from Eodriguez as food for the patients in the 
hospitals of the IMauritius. The continued exportation,-~*-soine ships taking as 
many as four hundred at a time, — coupled with the destruction of ^ their eggs and 
young, finally led to their extermination in both Mauritius and Eodriguez ; this 
extirpation having probably taken place early in the present century. The 
Eeunion tortoise, of wdiich very little is known, seems to have disappeared at a 
still earlier date ; while of the Galapagos species, we shall speak later. 

The total number of species of giant tortoises known to have existed within 
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the historic period is about fourteen ; the whole of which are characterised by their 
large size?, their long necks, and the uniformly dark brown or black colour of their 
sliells. They may be divided into four groups, according to thedr geographical 
distribution, each characterised by certain stiaictural p(‘CuliaritieH. The first group 
comprises tlic four Aldabra tortoises, characterised by the prcsencti of a nuchal 
shield on the front of the carapace, and the distinctness of the gulars on the front 
of the plastron. On the other hand, in the four best known Mascarene species, 
constituting the second group, the nuchal shield is wanting, while the two gulars 
have coalesced into one ; the plastron Ixdng characterised by its extreiiic shortness. 
Lastly, the third, or Galapagos group, with six species, presents a condition inter- 
mediate betwtHiii that existing in the two others, the nuchal shield of the 
carapace being absent, while the gulars of the plastron remain doxible.* Wo 
proceed to notice some of the s})ecies of each group. , * 


Aldabra Tortoise. 


Th(i best known of the four species from Ahlabra is the elephant- 
tortoise {T, urn), which differs from the other throb in having 
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the lioriiy sliiel<.ls of tlie carapiic<‘. concentrically striated, and the plastron of the 
adult notched behind. One of the siiocies (T. gigantea) with smooth shields on a 
trun^ited plastron is peculiar in having the caudal shield divided, as in the 
Burincso brown tortoise. The eh^phant-tortoise appears to be one of the largest of 
all the spticies, attaining a longtli of about 4 feet. At the present day it is very 
scarce in its native island, where the few survivors receive a wccu'tain amount of 
protection from the GovernnHuit of Mauritius, to which Aldabra belongs. There 
are, liowcver, a few individuals living in Mauritius and the Seychelles. * 

Mascareue . Of the Mascarene spticies, the three species from Mauritius 
Tortoises. and ivepfa), all of which are extinct, are 

characterised by the thinness of theij* carapace, of which the margins are thickened. 
The Rodriguez tortoise {T. ^’o.snn/o*/) has a still thinner carapace, which in the 
male does not shelve down in fi-unt in the usual manner. Allusion has already 
been ma<le to the numbers in which these tortoises existed in Leguat's time; but 
till ([uito recently it was thought that tla^ species was totally extinct. It appears, 
liowever, that in the Artillery l)arracks of Port Louis in tlie Mauritius, there lives 
a very ancii^nt tortoise which, in tlui o])inion of J)r. Giinther, is probably of this 
species. This tortoise is one of two which were imported into tlie Mauritius by 
the navigator, Captain Marion du Fresno from the Seycludles in 1706; one of 
these having been sulisecpumtly presented to the London Zoological Gardens in 
1832 by Sii’ C. (Vdvillt'. 'J'he latter weighed 289 lbs., and its shell measured 4 feet 
4fl inch(‘s in length along tlui curve, and 4 feet 9 inches in width; while in the 
Port Louis spi'ciiiKMi the circnmtVriuice of the shell is 9 feet 3 inches, and its height 
21 f(^et. Marion’s tortoise, as the Port Louis example is called, is thus definitely 
known to liavti lived for a hundred and twenty-seven years, and as it was doubtless 
of large siz(‘ wluai brought from the Seychelles, and sinc(i all these tortoises take 
an iuiinenst^ tinui to reach large dimensions, it is highly probable that it is an 
actual survivor fi'oni tin*, enoi’iiious h(a*ds that existed in Rodi-iguez in Leguat's 
time. From a pt^culiarity in the structure of the hinder vert(d)ne of the neck, it 
appears that the tortoises of this species have the power of raising their necks to a 
iU‘arly vcn-tjcal position, whicli would give them a wide rangt^ of vision. This 
elevated range of vision would accord will with the account given by Leguat, who 
writes concerning these tortoistss as follows. “ There’s one thing very odd among 
them; tliey always plac(; sentinels at some distance from their troop, at the four 
corners of th(i camp, to wliich the sentinels turn their backs, and look with the 
eyes, as if tluy were on the watch.’’ 

* Galapagos • The various islands of tlui Galapagos Group, such as Abingdon, 
Tortoises. Albemarle, Chatham, Hood, and Charles, are the respective homes of 
one or •more speck's of giajit tortoise. Of tlui various species inhabiting these 
islands, thej)lackisli tortoist' {T. ^ligrita), which is the one given in the illustration 
on p. 54,^ agrees with two others {T, nigra and T, vicina) in having tlie horny 
shields of the carapace concentrically striated in the adult; the figuriHl species 
diffoi;ing from 71 nigra in having the plastron notched, instead of truncate 
behil^l. In the other three species the shields on the back are smootli, while 
the plastron always has its hinder end truncated. In the ?N\)rtli Albemarle 
tortoise {T: microphyes), the width of the bridge connecting the upper and lower 
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sliclls is of considerable lengili, and the shell itself stout. On the other hand, in 
the saddled tortoise (T. i>j>iuni) and the Abingdon tortoise {T, ahingdoiti) the 
same bridge is ndatively sliort, and the shell is remarkable for its tliinness the 
carapace being much luu-rowed anteriorly, wlan’e it is scj pinclied in at the sides as 
to liavc a sharp ridgt^ on the back. In the former of tliese two sp(‘(’ies the.sliell 
still retains the iisu^d Ixmy framewoj-k, but in the stcond it is soft and leathery. 
Both liave \cry long n(‘cks, which are carr-irnl nearly v(‘i’tically ; and jn the 
Abingdon spc'cii's the notches in tlio front (aid of tlu^. sliell are so largii that in a 
front view tlie animal appears merely to liave a kind of mantle thprwn over the 
body. It is hard to see what can be the objeeb ob this softening and atrophy of 
the shell; but it is (]uite clear that it renders tluj animals very liable to injury, and 
thus probably accounts for tlio fact that lume (rf them have been brought alive t(^ 
Europe. The carajiace of this species attains a lengtli of 38^ inches, and tlui 
weight of one indivicJual wuis just over 200 lbs. 

The best account of the liabits of the Galapagos tortoises is one given by 
Darwin, regarding the species figured in our (ingi*aving, which inhabits, apparently, 
most of the islands of the gi’oup. These tortoises frecjuent in ptebuence the high 
damp parts, althougli they likewise live in the lower and arid districts. Very 
numerous in individuals, some grew to such a size that it reijuiruss six or eight men 
to lift them, Avhile they will yield ixs much as 200 lbs. of rm^at. “ The old males are 
the largest, the femahis rai-(‘ly growing to so large a size ; the male can be readily 
distinguislied from tire female by tire greater length of its tail. Thti tortoises 
which live on those islands where th(u-e is no water', or* in tbe lower and aidd pa.i*ts 
of the others, feed childly on the succulent cactus. Those which frtxpient the 
higlier and damp regions eat the leaves of vaidous trees, a kind of ber'ry, which is 
acid and austere, and likewise a pale green filamentous liclien, that hangs in ti‘(‘ss(‘s 
from the boughs of the treiis. The tortoise is very fond of water', di'inking largo 
quantities, and wallowing in the mud. The larger islands alone poss(*ss springs, 
and these ar*e always situated towards tlie ccntr’al parts, and at a consid(‘r*able 
height. The tor'toises, therefore, which fnxjuent the lower districts, wluiii thir*sty, 
are obliged to tr*avel from a long distance. Iltaicti, Irroad and well-bf'/iten paths 
bi'ancli oif in every dir'ection from the 'wells down to tlie sea-coast; and the 
Sjianlards by following them up, fii*st discovered tlie wateVing-places. When I 
landed at Chatham Island, T could not imagine what animal travelled so methodi- 
cally along W(dl-chosen tr’acks. Near the sj)i*ings it was a cui'ious spectacle to 
behold many of these liuge creatures, one set eagerly travelling onwards with 
outstretcluid necks, and another set returning after having drunlc their .fill 
When the tortoise anives at the sjiring, (piite rtgardless of any spectator, he 
buries his head in th(^ watm’ above his eyes, and greedily swallows great liiouth- 
fuls, at the rate, of about ten in a minute. The inhabitants say that each animal 
stays three or four days in the neigh Ixmi'liood of the water, and then returns to 
the lower country; but tiny differed r(isp('cti ng the frequency of these visits.’' 
After mentioning tliat some tortoises live on islands where the laily water Wiey 
obtain is that which falls as rain, and also that the inhabitants of th(‘. Galapagos 
* Islands, when overcome Avith tliii'st, arc in the haljit of killing a tentoisc and 
drinking the water contained in its interior, the writer proceeds as follows : — '' Tho 
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tortoises, wlioii jun-posely moving towards any point, traved by nigiit an<I day, 
and a’rrive at their journey’s end inucli sooner tlniii would be c‘xpected. The 
inhal^itliuis, from observing imn-ked individuals, consider that they travel^ a 
distance of about eight inih's in two or iliriaj days. One huge tortoise^, wjiich I 
watchlnl, walk(‘d at the rate ot sixty yards in ten minutes, that is threii hundred 
and sixty yards in the hour, or four miles a day, — allowing a little time for it to 
eat oij -tlie road. During tlio bi*(H‘ding-season, whcui the male and ftmiale arc 
toge tiler, The male utteT's a hoarse j*oar or bellowing, which, it is said, can be heaill 
at a distance of •more than a hundr(‘d yards. The female never us(^s her voice, and 
the male only at these times; so that when the people hear this noise, th(*y know 
that the two arti together. They w(‘re at this time (October) laying their eggs. 
The female, where the soil is sandy, deposits them together, and covers tlumi up 
with sand ; but where tlu^ ground is rocky, she drops them indiscriminately in any 
hole; Mr. B^uioc^ found seven ])laced in a fissure. The egg is white and splierical ; 
one which 1 measui'cd was inch(‘s in circumference, and thei-efore huger than a 
hen’s C‘gg. The young tortoises, as soon as they arc*- hatched, fall a prey in great 
numbers to the carrion -feeding buzzard (Pob/horus). old ones s(‘em genei'a iiy 

to di<i from accidents, as from falling down preeipiccis; at least, several of the 
inhabitants told me that they iu‘ver found one dead without some evident cause. 
The inhabitants believe*, that these* animals arc absolutely deaf : certainly they do 
not hear a p(‘rson walking close behind tliom. 1 was alwa\’s amused wlu‘n over- 
taking one of tli(‘se great monsters, as it was (piietly pacing aloi:ig, to S(‘e liow 
suddenly, the instant I ])ass(*d, it would draw in its liead and l(*gs, and uttering a 
d(‘ep hiss fall to the* ground with a heavy sound, as if sti’uck dead. I frecpiently 
got on their backs, and then giving a few raps on the hind(*r part of their shells, 
they would ris(*. and walk away; — but I fouial it difficult to keep my balance.” 

Likii thi‘ir IMascarenc allies, the Galapagos tortoises arc nmcli esteemed as 
food; and in order to sec wheth(*r tliey were sufficiently fat to be killed, the 
inhabitants were jiccustonu*d to make a slit beneath the tail, through wliich the 
interior of tin* body could be seen. With the usual hardihood of reptiles, tlie 
nijected individuals appear to havii recovered compk‘tely from this severe 
operation. From s(‘veral of tin*, islands the giant tortois(*s ha\'e alri*ady dis- 
appeared, aial it is muc^i to be feared that they will soon ct‘ase to exist throughout 
the Galapagos Group. Dr. Ci. Daur, wdio visited Albemarle in 181)1, reports, 
howevaa*, that he made a large collection of thes(i re])tiles, one specimen weighing 
more than 400 lbs., and its carapace measuring 4 feet in a straight line. 

* * * The familiar Gj’ccian toi’toise (T. qvivni} lu’ings us tr) the sixth 

Grecian Tortoise. . , . , ^ • r a ) ta- n • l* 

main group of the g<*nus, which comprjstvs seven Old W orld species or 

small or medium size, characteris(‘d by the carapace b(*ing brown or olive*, which 

may be eithi*r uniform, or spotted with Idack, or black and yellow; by the gular 

shields on, the plastron lH‘ing distinct; and by the slight ])i-omim‘nct^ and shortn(‘ss 

of the ridge on the palate. The Gri*cian tortoise bi*longs to a section of the group 

in which the anal or hindermost shields of the plastron meet in tlu^ middle line by 

a sutilre of considerable length; and it is further c}iaraet(Tis(*d by the pres(*nce of 

five claws on the for(‘-foot. From its nearest alli(‘s it may hv. distinguished by the 

fifth vertebral shield of the carapace being much broader than the third; the 
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caudal shield being usually double, and there being no large tubercle on the inner 
side of the thigh. The she)] of this species is nioderately vaulted, and not* much 
cxpand(id behind, while its iiiargins are not serrated. The nuchal shield Is, very 
long a»Tid nari'ow ; in the male tlie divided caudals are inucli incurved; and tlie 
•sliiclds of tlie back show a strongly-inark(?d concentric striation. In colour, tlio 
shell is bright yelkiw, with the shields of the carapaci^ spotted and bordered with 
black, and a broad band of black running along each side of the plastron. The 
length of the sludl is about inches. Mainly a South • European species, the 
Grecian tortois(^ inhabits the Balearic Islands, Corsica, Sardinia, Sicily, Italy, 
Dalmatia, the Balkan Peninsula, and the Greek Atchipelago, while it also occurs in 
Syria. Th(i allied but largei* Algerian tortoise {T. ihera^, in which the shdl attains 
a hmgth of about 0 inches, may be distinguished by the fifth vertebral shic^ld being 
not broadtir than the third, by the single caudal shield, and the presence of a large 

subconical tubercle on the inner 
surface of the thigh. In colour, 
this species differs from the last 
in having the plastron more or 
less spotted with black, while 
in some examples the carapace 
is uniformly b»*own. Its I’ange 
inclinles Xorth- Webster n Africa-, 
Syria, Asia Minor, ^JVvins- 
caucasia, and Persia. A third 
species often r(^presenti‘d among 
the shiploads of tln^se reptiles 
imported into England, is tlui 
margined tortois<i (71 'mur- 
(jinata), which attains a length 
of 11 inches, and appears to 
bo confined to Greece. The 
absence of an enlarged tubercle on the thigh serv(‘s to distinguish it from the 
preceding sj^ecicjs ; from which it also differs by the longer and more d(jpress(Hl shell, 
ill which the hinder mai’gin is much expanded, and more or less serrated. Usually 
the carapace of the adult is black with a small yellow or greenish spot on each 
shield; while tlie ground-colour of tla^ plastron is yellowish, each of its shields 
being marked by a black patch, which generally takes a triangular form. This 
species app(;ars to l)e confined to Greece ; but in Lower Egypt and Syi4a is replaced 
by the smaller Leith’s tortoise {T. letihi), in which the carapace is relatively shorter 
and more deeply notched in front, while tlie form and amingement of the tubercles 
on the foni-limb is different. • 

All these tortois(‘s appear identical in their habits, frequenting dry and sandy 
places, and l>ei ng (*xtremely fond of sunsliine, in which they will bask by the hour 
together. In certain parts of Greece and the soutli of Italy, the Grecian tortoise is 
found in great numb<‘rs ; and in the markets of Sicily and Italy it .is regiSlarly 
exposed for sale as an article of food. At the approach of winter it buries itself 
deep in the earth, where it remains during th(i cold months, usually reappearing in 
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April, but in Sicily as early as Febj*uaiy. Although its main food consists of 
plants and fi'uits, it will likewise consume such snails, woj*ins, and insects as it 
may iiu‘et with during its wanderings. Jn captivity, wliere they have l)een known 
to live for a great nuinbci* of yc^ars, these tortoises display great partiality for 
milky jdants, such as lcttuc(i ; and tliey are always fond of a bath. At the 
approach of rain they always liide themstilves, but in fine wea£her remain abroad 
througliojit the day. In excavating a burrow for the winter’s slee]'>, the eartlr is 
dug up by the strong fore-limbs, and thrown out from the hohi by the hinder pair. 
The paii'ing-scason commences iipmediabdy after tlnj awakening from the winter 
sleep; and in May or Juiui tlie female lays from eight to fift(Mui hard-shelled white 
eggs, of about tlui size of a hazel-nut. These are deposited in a Imle in the earth 
in some sunny spot, and after being carefully covtu-ed up, are left to hatch. J^y 
S('ptemb(ir tla^. young tortoises are about the size of half a walnut-shell, and 
pres(‘nt an exceedingly comic a])poarance. 

other Species Tluire are certain other species belonging to th(‘ same group as 

tlie. Grecian tortoise, which dmnand a brief notice. Among these is 
the handsonu' elongate.d tortoise (71 cloiKjafit), from llengal, Burma., Cambodia, ami 
(yocliin tdiina, taking its name from the great h.mgth of th(‘ depressed sh<‘ll of tlic 
males ; the females Indiig much smaller, with a relatively sliorter and wider shell 
These tortois(‘S differ from th(‘- European species by the anal shields of tlu^ jdastron 
having a very sliort lin(‘ of union in the middle, even if th(*y me(‘t at all. The 
ground-colour of ilie slu‘ll is gn^enish yellow, iipon wliich is an irregular black 
patch ill each shic^hl, which may occupy nearly the whole area of such shields, 
leaving mei’('ly a nai'row yt'llow mai-gin, oi* may be much broken up and indistinct. 
The male attains a length of betwc^en 10 and 11 inches. Forsten’s toi'toise {T. 
fordo hi), from (\*lel)es and Gilolo, may be distinguished by the want of a nuchal 
shield in the fi'ont of tli(‘ carapace. Lastly, Ave have Ilorsfield’s tortoise 
liornfiehU), which, Avhile allied to tlie European speci(:‘S, differs in liaving but four 
claws on tlie foi’e, as AA^ell as on the hind-feet. This tortoisii inhabits the deserts, 
oases, and even mountains of Central Asia, AAdicre it ranges from the Aralo-Caspian 
region and ’the- Kirgliiz Wteppes to Afghanistan. Tlui sliell, Avhicli is considerably 
d(‘press(^d and not much longer than broad, has a brown or oliA^e ground-colour 
above, Avhich may be either uniform or blotched Avith black ; Avliile beneath, it has 
largii patches of black, Avhich sometimes almost coA^er the Avhole surface. 

Writing of the elongated tortoise, Dr. J. Anderson says that it is active in its 
habits, and tliat the male is vcny confiding, eating readily from tlu^ liand, although 
the female, wlien touched, at once withdraAvs Avitliin the shell (laptlve specimens 
were observed to be very restless at night; they feed freely on plantains, but a 
female on occasion att? some dead j^raAvns and fish, Avhich had been procured to feed 
some soft-tortoises. Horsfield’s toi'toise, although etjually fond of immersing its 
lower 8li(‘-fl in water, is said to be more brisk in hot Aveather than are the European 
species; it is purely diurnal in its habits, not vi^nturing foith till after sunrise, and 
retiring to rest before sunset. Its food in tlui Avild state is stated to be entirely of 
a vegetable nature ; snails and AA^oi'ins being ncA^er eaten. 

Angniiated, The angulated tortoise (T, avfjulaio), 8outli Africa, together 

. Tortolso. with an allied species {T. ynipJfora) from an island neai; the Comoros, 
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constitute the last and seventli gi-oup of the genus, and are distinguished from all* 
the others hy the ginaxt pi’olongation of the ant(irior extn^mity of the plastron, wliich 
is^covered hy a single gular shield only. The former attains a length of abhut 7| 

, inches, and has an elongated and very convex carapace, of which the hinder maigin 
is at most but slightly serrated. In colour, the shell is yellow above, each shield 
being bordei'od with black, and usually ornamented witli a black spot in the 
ceuti*e; wliile the i)lasti*on is black in tlie middle, or has some huge black blotches. 

Areoiated N(iarly related to the true tortoises, witli which it agrees in the 

Tortoise. gen(u*al sti*ucture of its shell, the ar(*olat(^d tortoise {llomoims area- 
lafi(s), of South Africa, together with three otlua- allied species from the same 
continent, ditiers ])y the absence of the median ridge on the front (jf tla^ palate 
characterising all the former, and is on this account referred to a distinct genus. 

aet.(Tisc(l ])y havii.f,- only four 

claws on th(^ fi^ont feet, and by 
its <lepr(‘ssed carapace, which is of equal width throughout, and has (‘Vcai margins. 
On th(^ back, the shields are more or less inflated, and sepai*at(id from" one another 
by de(‘]i chaniK^ls ; the centre of each sliie.ld having a d<‘press(‘d areola, surroundi^d 
by concentric grooves. In colour, tlie carapace is oliv(‘, with a rinldish brown 
centi’O to each shield; while the plastron is brown in the middle, and yellow at 
the edge\s. A second species (IL femoral is) differs })y having the hinder margin of 
the sliell sciTat(‘d, and a conical tubercle on the hinder surfaccj of the thigh; 
whih‘- in a third (//. slfpiatm), there are five toes on each l\)i*e-fodt. Lastly, H. 
iiogaej/i differs from all the ot}u*rs in its vaulte<l carapace, which is gibbose behind ; 
this sja^cies btdng from Semgal, wliile the othel' three are South African. In 
general habits it is probable that the members of this genus closely fesemble the 
true tortoises. 


A U liOLAlKO toktoi.m:. 


_ Three remarkable tortoises inhabiting tropical Africa constitute 

Hinged Tortoises. , . i i i ^ i • r. i • 

a genus distinguished at a glance from the other members ot this 

section of the family by the circumstance that the hinder portion of the carapace 

is articulatf‘<l to the anterior moiety by a ligamentous hinge, upon which it is 

freely movable, so that when the animal is withdrawn the liinder extremity of 
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ih(i shell can be completely cIoscmI. This liingc runs between the fourth and fifth 
costal bones and the siivontli and eighth marginals of the shell. The skull agi*ees 
withi/hat of the preceding genus, in the absence of a median ridge on the front*of 
the palate, while the neural bones of the carapace are hexagonal and shorl-sided, 
behind, and tlu; caudal shield is undivided. The costal bones of the qarapace 
differ, how(‘V(ir, from those of the tortoises described above, in being of nearly 
ef(ual '^^^‘dth througliout, instead of alternately narrow at one end and broad V^t 
the other. Of the thre(} species of tlie genus, tlic dentatcnl hinged tortoise (Cinixys 
crosa)y from Guinea and the Gab\in, is characterised by the front and hind margins 
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of the carapace being everted and strongly dentated ; by the absence of a nuchal 
shield, the projection of the extremity of the plastron in front of the carapace, and 
the sloping contour of the hinder extremity of iho, latter. Tlio length of the shell 
is 9 inches; its general colour above being dark brown, with lighter centres to the 
shields, and the low(*r sides of the costal shiidds yellowish ; while on the plastron 
the shi(dds have dark brown ctuitres and yellowisli margins. In the nearly allied 
Home’s lunged tortoise (G. hoinetDja), from the same rtgions, there is a nuchal 
shield, the extremity of the plasti*on does not project in advance of carapace, and 
the hinder exti-emity of the. latbu' descends vertically. On th<i other hand, Bell’s 
liinged tortoise (G. hcJlin na), which ranges right across tropical Africa, the margins 
of the caraj^ace are mdther (‘vert(Ml nor serrated; a imclial shield being present on 
the front of the carapact\ In huigth the lattcu* does not excetnl 71 inches. 
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In liabits th(' hinged tortoi8(‘s show a coinplcde transition fi’om the land 
tortoises to the baTapiiis, and tlius fully justifies tlie conclusion, ari'ived at from 
structural (•onsid(‘rations, that botli groups should l)e included in a single iamily. 
AccoMing to tile (djsei’vations of ]\Ionteii*o, it appears that Bell’s liinged tortoise is 
oss(‘,ntia]ly a land reptile, inhabiting n^gions formed of gneiss rocks or other dry 
localities, wliei’e it is active during the hot rainy season, but in tlui cooler portion 
of tlui year, from May to October, accoi‘ding to native reports, Ii(*s deeply buried in 
iho ea)-th. liotli the other species, on the contrary, seem to be mainly aquatic in 
their liabits; tlu' dentated hinged tortoise, which is faii'ly commoirin Ouinea, l)eing 

stat(ul to sp(‘n<l a large portion 



of its time in the watei*, where 
one specimen remaine<l for up- 
wards of a month. According 
to Falkenstein, it is found in 
riv(‘rs, ev(‘n close fo the sea, 
from wh(aice it (^nu^rges to lay 
its eggs on t]i(‘ir banks. In 
spite of its club -like feet, it 
dives a.nd swims with facility; 
captive examples d(‘sc(‘nding to 
th(‘ bottom ot* a deiq) vtsssel in 
which thi‘y were kept. On 
land, its motions are, liowever, 
slow and d(‘liberat(‘ in the 
extreme; and ha>'e been com- 


BELL’S HTXGEU TCMlTOlbE. 


pared to thos(i of tlie minute- 


hand of a clock. Its food is 


of a vegetable nature ; one captive specimen dis])laying great partiality lor cherries. 
By the inhabitants of Guinea these tortoises arc eagerly sought after as food, an<l 
are thus difficult to obtain by Europeans. 

The last member of this s(‘ction of tho family is tlie spider- 
Spider Tortoise. (^Pyxls ararhuioideR) of Madagascar, which is the*, solo 

repres<‘ntative of a genus characterised by the pn^sencii of a transverse hinge 
across the front of tht‘ plastron, by which means the antiu'ior lobe* of the latter can 
be bent upwards so as to close tlie front of the shell. In having the neural bones 
of the carapace alternately octagonal and tetragonal, this species approaches kh(^ 
true tortoises near(U* than do the liinged tortoises. In lengtli tlu^ shell is only just 
over 4 inches; its coloration is yellow, with radiating black bands from the centres 
of tlie shields of the back. 

The whoh*. of the tortoises liitla^rto described are" collectively 
Land-Terrapins. nbsence of all trace of webbing in tlie toes, by 

the presence of not more than two joints, or phalanges in each toe, by the meta- 
carpal bones of the fore-foot being but slightly, if at all, longcT than widfe, and 
also by the majority of the bony neural plates of tlie carapace being hexagonal, 
with their shorter lateral surfaces posteriorly placcMl, or alternately octagonal and 
tetragonal. On the other hand, in the remaining members of the family, the 
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dibits are usually furnislit‘(l with wohs, or at least a rudiineut th(‘reoj‘, wljile tho 
middle toe of each foot lias tJir<‘e joints, and tho metacarpal bon(*s ar(‘ elon^^ated. 
We have first to deal with a small ^touj), mainly confined to tla^ Oriental r(‘g-ion, 
which both in structure and habits tends to connect this section of tlie family 
with tlu^ ])rec(alin^ on(\ Tlu‘se, ForiDs, as shown in the ri^ht-hand fi^ine of tho 
illustration on p. 42, ae-nu^ with the hin^(Ml tortoist\s in that most of tlH^: hexa- 
gonal neural plah^s of the cai-apac<‘ hav(‘. the short(‘r of the two lateral sui’fac(.\s 
phic(al posteriorly aaid the lone(‘r aiitmaorly. ]\Ioi*eo\X‘r, if the horny sliields fVonl 
the plastron he jVmovtMl, it will b<3 found that the entoplastj'al, or median unpaired 
l)one of that part of the sk(*l(‘ton, is crossisl by the groove marhin^ tin* boundary 
between tlu^ ImiiH'ral and pectoral shi(‘l<ls. 

Spinose Land- "rh(^ spinose land-tei-rapin {Ueoininjila fi/n nosd) may b(‘ taken as 

Terrapin. well-know»i (ixample of tlu^ first e-ciius, characterises I by tho absence 
of a hine*<‘ in tlu‘ ])Iastr(jn, and of a bony temporal arch on th(‘ sides of tlu' skull. 
The thres' sjnsiies of this ^eanis ar(‘ iarev-si/ssl tortoises, conlin(‘<l to Hui’ina and 
t}ie Malayan j'(‘ei()ii ; tlu‘ spinose* land-terrapin havino* a, shell of 8 inches in length, 
while that of tin* ^reat land-tei*rapin (fr. fi’om Burma and Siam, measures 

upwa,r<ls of B» iu(*.h(‘s. In the* foi'iic*)* of thi‘se two specie's both the* front and 
hin(h*r margins of the*, s1h*11 arc deeply serrated ; whe*n*as in the latttT, as well as 
in th(‘ thij-(l r(‘pres(‘ntative of th(‘ us, only the hinder boi'dcT is thus oi-namentisl. 
The colour of the carapace' in thevse* terrapins is bi’own or blackish, fre([Ut*ntly with 
dark(*i* mai*kino's. Toi>'(*lh(‘r with the* otlier members of the ,£»’roup, they elide r from 
the' niaje)rity of the te‘i'rapins in having the heaid covc'resl with a continuous skin, 
inste'ad of with small shie^lds. ''I'he* small size of the*, webs of the‘se te‘i’ra])ins 
indicat(‘s that in habits they art^ p]*obably in ])art aepiatic and in part ter)’e*sti*ial. 
Chaibassa Chaibassa terra])in (Niroruf i rirari miia) figure'd in the 

Terrapin. illusti*aBon on p (>(>, anel taking its name from a, district in Bengal, 
is S(*le‘cte‘(l to re]U’e*sent a- genus common to the Oriental I’egion in the* east, and 
(Jenti’al anel South Ame*rica in the*, west, elistingMiished from the prece_*ding ly the 
pi’e*sence of a bojiy tcanporal arch to the* skull. Of the seven species e)f this genus, 
the* smalle‘st*(he*rc* figure‘d) has a sh(‘,ll of only 5 inehe‘s in h'ugth, but in a larger 
one it may m(*asure a.s ymch as lb indies. While* in the flgui'cel (''haibassa terrapin 
both fore anel hinder inargins of the slu*ll, as shown on the left-hand figure on 
p. 42, are i*ntire, in other specie's eithe*!- one* or l>e>th of these may be eh'cjily 
sexTated. The* Chaibassa spe(*i(*s, which i’ang(*s freim Bengal to Assam, has the 
capipace^ dark lireiwii or black in coloui', a\ ith the thiee longitudinal ridge*s fi’om 
which it take's its name ye*llow : the ]>last)‘on being uniformly yellow, anel tho 
ncick anel limbs lilaekisli. Frean the large*r tlire‘e‘-ke;e‘le?e_l teu-rapin {X, irijuga), 
of India* and Burma, this spe*cies is further elistinguished by its more? cemvex shell, 
which desce'fiels vory abruptly be*lnml, as xvell as by the rudimentary condition of 
the* w(?bs be*twet‘n the*- toe'S ; on botli of which grounds it may bo i*egai'ded as inoi-e 
exclusivi?ly te'rrcstrial in its habits. A fossil slu'll of the Chaibassa, teri'apin, 
repi'escaitt'el in the* i-ight figure on ]x. 42, has been obtaineel from the Pliocene 
rocks* of the Siwalik Hills of Nortliern Jnelia, thus indicating the* extreme 
antiquity of the? spe'cie'S. Jn some indivieluals the hinder fialf of tho plastron 
is connected with the njeper she?Il inoi'Cily by liganu'nt. 
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Hinged The third ^enus of this group {Cycleinyfi), which is confined to' 

Terrapins. India, Malayana, and th(^ south of ('Iiina, is I'opresented liy some 
lyilf a dozen species, wliich, wliile agreeing with the members of the fbii.jgoing 
genus in the presence of a bony temporal arch to tlio skull, diiler by having a 
wcll-mark(‘d transverse ligamentous hinge across the middle of tlie iVlastron, 
whereby its hinder lobe is rendered movable, and capable of more or less com- 
pletely closing the posterior aperture of the slu;!!. None of the sp(‘cieS«havo a 
Miell of mor(‘ than 8 inches in length. The gtaius may 'be subdivided into two 
groups, eaeh containing three species. In the former, as represelited by C. 
of North(‘rn India and the Malayan region, the plastron, which is notched behind, 
cannot completely close the shell; while the hinder margin of tbe carapace is 
serrated. In the second group, on the other hand, of which tlie Andjoyna hinged 
terrapin {C. amboiiievnis) is a familiar example, the plastron is capable of 
completely closing the hinder aperture of the shell, whik'. tin*, ]>osterior margin 
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or tin 5 carapace is not serrated. These sj^ecies also have the shell kecdtMl on the 
back in the young state}. In the Aiiiboyna species, as also in ( \ Jlavomaryinaf a, 
the hind(‘r end of the plastron is entire, although in a third {C. irifemuata) it 
is notched. 

Box-Tortoises. Agreeing with the hinged terrapins in th(} presence of a trans- 
verse ligamentous hinge across the middle of the plastron, by the aid 
of which the openings of the shell can be closed, the two North American species 
of box-tortoises, together with all tlui icmaining members of the family, difi'er 
from the former in that th(i lujxagonal neural bony plates of the carapace have 
the shortt*r ol their two lateral surfaces placed anteriorly, instead 6f posteriorly, 
this arrangement b(}ing shown when the shell is strippe^d. The presence of 
the hinge in the plastron servos to distinguish, the box-tortoises from’ all the 
members of the second group, with the exception of thci pond -tortoises** while from 
thti latter they ar(} separated by the beak being hooked, and the absence* of a bony 
temporal arch to th(} skull. In the box-tortoises the head is covered with smooth 
skin above, the toes having only a rudimental web, and the tail is short.* The 
Carolina box-tortoise (Cist ado Carolina) is a somewhat variable species as regards 
size, the length of the shell ranging from a little over 4 to somewhat more than 
5 inches. The highly convex carapace is almost hemispherical in shape, and. is 
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attached to the plastj'on solely by ligament, so that the wliole sliell can be com- 
pletely clos(‘d. As a ^•(‘lu^ral rnh^, tlui upper shell is thu'k brown or blackish, with 
yelloVC^ spots, or brownish yellow, with dark brown spots or rays, while the^'e 
may be an interrupted yellow streak down tlie middle of tln^ back. The plastron 
may be eith(‘r a unilorm dark brown or blackish, or may have irregular yellowish 
blotches on a ground of the same, while in some instances it is j’eflowish with dark 
blotch(>s of variabl<‘. size. The range of this spc^cies embraces the Southern and 
South-Eastern United States and Mexico. In the ornate box-tortoise, from 
Nebraska and sbme neighbouring states, tlui shell is moni depressed, and the 
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plastron and eara])ace are coniu*ct(‘d together by a very short bony bridge, so that 
tlu* sfiell cannot be compbdely clostsl Tlu* toes, moreover, have no distinct webs. 

The vaulted carapace of the box- tortoises, with their abiaiptly descending 
hinder profile, togidher with the laidimentary condition of the W(‘bs of tlu^ toes, at 
once proclaim th(‘ ttna*estrial habits of these r(‘])tiles, whieb form, ind(‘ed, one of 
the conneHing links betwcnni th(' true tortoises and tlu‘ fresh-watei* terrapins. 
Although mainly, if not entirely carnivorous (as is indicatc'd l)y the absence of a 
mediap ridge in tln^ front of the palate), the box-tortoises appear to resend)le the 
true tortoises veiy elosedy in tlndr general mode of lif(^ According to some 
observers, they are more fnapnaitly to bo met Avith in dry and even hilly districts, 
than in swamps. They arc, howevtir, partial to spots where colonies of night- 
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herons are hi tlu^ lial)it of nesting, owin^ to the (juantity of insects, snails, worms, 
and Fragments of fish to he m<‘t with in such localities ; and tli(‘y are fre(|uently 
hiund in woods wheiHi tlu^ ground is either moist or swampy. Af" times 
they will, liowev^(‘r, (‘liter th(‘ wat(‘r of their own frt'o will: and they liave betm 
S(‘,(‘n half-huri(‘d und(‘r loose (‘arth or moss in S(‘arcli of worms an<l insects. 
LTiilike most m(‘mb(n‘s of tlie family, the box-tortois(‘s sliun tli(‘ light, and are most 
ac-tive during the (‘vening and niglit, shutting themstdves clos(‘ly u]> in their shells 
when tilt* sun is shining brightly. The closiii-t* of the sh(*ll is also (‘ti(*(!ted at the 
ajiproach of any large animal; and w]i(‘n thus S(‘cur(‘ly buxt'd u}), there are but 
few crt‘atures thest*. tortois(‘s n(*(*d fear. Like most other t(*rr(‘sla’ial tortoises, thti 
Females lay their eggs in holt*s dug in the gi'ound by themselves; the number laid 
being usually only tive or six, wh(‘ther tht* parents be halF-grown or adult. Each 
individual egg is cart'fully covered with (*arth : tlie time tak(‘n beFort* tlie young 
are liatchc^d living said to vary from eighty -(‘igl it to a liundred days. When first 
liatched, the young are well tit* vtdojied, and (jF great rtdativt*. size and strength; 
although their shells are still soFt and cartilaginous, and the i*t‘mnant of the yolk- 
sac depends fV(jm the phistron. In Ptainsylvania both young ami ohl biny th(‘ni- 
selves deep in tlu^ gr<jund about tlu* middle oF ()ctob(*r, wh(‘r*(‘ they rt'main till tla* 
latter part of Apidl; the spot seh*cted having a dry soil, a-ml lM‘ing ]>rol(‘cted from 
the cutting lilasts of the north. Many individuals wliieh havt* not })urit‘d 
themselvc\s sufiici(*ntly dee])ly, are, howev<.*r, frozen to death during tin* winter 
slumber. On account of tlu^ strong and disagr(*(‘able Hav(_)ur of th(‘ir ll(‘sh, 
doubtless engendered liy the nature of their food, the box-tortois(‘s are not (*aten. 

In markt*d contrast to tlu^ vaultt*d and abrui>tlv-d(*scending 
Pond-Tortoises. . . ^ ^ 

carapace of the box-tortois(*s, is the d(‘pr(‘ss(*(l and slH‘lving sliell 

of the pond -tortoises ; this diff(irenc(^ indicating a distinction in tlu* habits of 

the two gciiiera. Thus whereas the ])ox-tortois(‘s are, as \\(‘ haA<* s(*eii, mainly 

land rciptiles, the pond- tor t(jis(^s arc as deci<ledly a<|uatic in their niod(i of 

life. In addition t(^ the ditlerencc in tlu* form of the, shell, tin* nuaiibers of 

the prcscmt genus are readily distinguislu'd from thosi* of the last liy tlu^ 

beak not being hooked, and by the pr(‘sc‘ncc of a bony tem])oi-al arch in tlie 

skull. In the sIujII the carapace is united to the plasti’on soh‘ly liy ligaim*nt, 

wliihi the plastron itself is more or less distinctly divided by a ligamentous 

transverse liinge, upon wliicli its two l(>h(*s ai-e movable. Agiv(‘ing witli the 

box-tortoisos in liaviiig the top of tlie liead cov(*red with undivid(*d skin, tlie 

pond -tortoises differ hy having the t(XiS fully w(‘l)h(*d, and also by the mon^ 

elongated tail, which, while very long in the young, is of inodeiah* Imigtli in the 

adult. Altlujugh tlu; g<‘nus Enn/t^ was formerly niadt*. to include niaiiy of tlu; 

fresh-wat(*r t(MTapins, it is now restricted to tlie Europ(‘fin pond-tortoisi* {E. orhl^ 

C'wla/ril), and a nearly allied Noj*th Anuu’icaii sp(*cies. Idu* foi'iner, wliich is 

familiar to most visitoj*s to Southern Europe, is cliaracteris(;d hy the sliort (jval 

form of its carapace, which is widest j)ost(‘i*iorly, and in the young state has a 

more or less distinct median k<*f*l. In colour, the. upper sludl of tlu* adiilt iV dark 

brown or black, oriiarnont(;d with a variable numb(*r of light, usually yellow, dots 

or radiating streaks; tlu; plastj'on b(*ing <;it]u‘}* y(;]l(.)W, bjviwn and yellow, or 

almost wholly blackish bnjwn. In the young, however, tlie upper shell is dark 
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brown, and the lower black ; all the shields of the latter, as well as the iiiai^giiial 
ones of the tbriiKir, having a larger yellow spot. The skin of tlie head, neck, body, 
and lilVbs is inarkcHl with yellow and blackish, in varying ])orportions ; tla^ liead 
of the male having brownish dots on a darker ground, while in the feinah' the* dots 
arc yelfow. When fully grown, the slu^ll attains a length of 7-i inch(\s, but in 
most of the spt‘cim(‘ns imported into England it is not much moil‘ than half that 
siz('. Al'tlie ])res(mt day tlu* pond -tortoises is found, in suitable local iti(‘s, in &out]i 
and East Ckaitral Europe, and South- West(U*n Asia as far as Persia, aiul in Algeria. 





ErHOl’hVN’ POND-TORTOISE (? llllt. sizo). 


; During the JMeistoceiu' pm’iod, when the climate of Northern Europe must at certain 
times have been much more* g(‘nial, the pond-tortoise liad a much more extensive 
distribution, <its fossilised remains having been found in the supeidicial deposits of 
Belgium, Denmark, (.{(‘rmany, Lombardy, Norfolk, Sweden, ami Switzei-land. Tlui 
American speci(‘s, which inhabits the north-iaistern United Stativs and Canada, 
has tte carapace ’rather mon^ elongate, and the tail shorter; the former being 
black with paJt*. yellow or brownish circular spots, and the plastron yellow with 
a large black ])atch on each shi(‘ld. 

The Eumpean species inhabits both stagnant and running waters, and may be 
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found alike in slow or swift-llowing streams, or in op(‘n lakes. During the day- 
time it heaves the wat(ir to bask in tlie sun on s(M|uestered spots of the banks, 
where it remains witliout moving by the hour together, but towards suA’set it 
begins to move, and remains active througliout the night. At the commencement 
of winter it constructs an underground cliamber, in winch it ]*(‘mains buried in 
slumber till s] wing, usually r(*a]» pearing, if the weather favourable, about the 
irnddle of April ; at which time it reveals its wlieroabouts l)y a ])(‘culiar whistling 
cry characteristic of tlui bn ‘(‘ding-season. An exc(illent swinmau’ and diver, the 
pond-tortoise disappears beneath the water at the slightest sound ; Avhile when on 
land its motions are far more active than those of the true tortoises. Agreeing 
with other carnivorous t(‘rrapins in the abs(‘nce of a median ridg(‘ on th(‘ fore-part 
of the palate, this tortoise fee(^ls childly upon worms, water-ins(‘cts, crustaceans, 
frogs, newts, tad2)oles, luid fish. Tn devouring fish, they reject tlu‘ air-bladder, 
which floats on the surface of the watiw ; and from the* mnnbi'i* of such floating 
air-blad(](‘rs some idea may b<i formed as to whether a pond is numerously 
tenanted by these tortoises. In ca]>tivity, wherti tiny will livi^ for years, 2)ond- 
tortoises, in addition to theii* natin*al food, will readily (‘at raw m(‘at ; and in this 
state they fre(]uently become so tame as to take food from th(‘. hands of th(*ir 
masters. TIkj eggs, varying from nine to fift(‘(‘n in iiumbei*, are laid at night 
during May in hollows dug by the female in (by soil, at a considiu’able eli'vation 
above the bank, wIkwc they are carefully covered n[) and left to (h'Vidojr Tliese 
tortoises arii eaten by the inhabitants of all the countrii‘s in which th(‘y occur. 

The rmiiaiiiing members of this (‘xbmsive fa)nily, which may bo 

Terrapins. collectively known as terra2)ins, and can r(‘C(*i\’(‘ but bri(‘f nnuition, 
have the plastron without any transv(.‘i*se liinge, and hrndy conn(.‘ci(‘d by bone with 
the cai’apac(‘, so that the whole shell is solid and immovable. They comjwise a laigi^ 
number of S2)ecies, arranged under eleven gen(‘ra, and all that can b(‘ att(‘m2)ted in a 
Avork of the iiresent nature is to stde.ct for S2)ecial notice one or mor(i sp(‘ci(‘s of such 
genera. Altlurngh many of these terrajnns are exceedingly iniliki^- one a-noth(‘r (‘x- 
t(‘rnally, yet they are all so chjsidy connected that the g(‘nei-a can only be dis- 
tinguished by the charactiws of tie; skull and the bony jdates of the kladl, so that 
our descrij^tion must of necessity be somi'what technical. 

Sculptured The sculptured terraj)!!! {('lamnys vnsvtilpia)^ of (‘astern North 

Terrapin. Amiwica, is sel(‘ct(^d as a fairly W(.‘ll-known r(‘2)resentati V(‘ of a genus 
of eight species. This g(‘nus, it must b(‘. jwemised, forms one of a grouj^ of four 
agreeing with the two last lujticed in the absence of a longitudinal ridge on the 
fore part of the 2)alat(‘, and in thii carnivorous habits of its various meiiibers. 
From the threii allied geniira, Clrnnnffs may be distinguish(‘d by the aperture of the 
inniir nostrils in the skull l)(*ing situated bii'tween the eyes, by the unpaired 
entojdastral bone of the lower shell being traversed by the groove foiined by the 
junction betw(‘(*n the humeral and pectoral shields, and by the U2)2)er part of the 
head being covered with a continuous smooth skin. The tiguriHl species belongs to 
a group of five, characterised by the median union of the anal ot hindmost shields 
of the plastron being longer than that between the fcmoi*al shi(‘lds ; and while four 
sj^ecies of this grouj) are conhned to North America, Beale/s terrajjin ( 0 . healei)^ 
inhabits China, thus showing a distribution analogous to that of the alligators. .On 
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the otbex' hand, the Caspian terrapin (6^. cas/fica), ranging from tlic Caspian Sea to 
the Persian Gulf, the Spanisli terrapin ((/. Leprosa), of Spain aiul K or th- Western 
Africayiihd the Japanese terrapin {(J, japoniai), resemble one another in having tho 
median union of the. anal shitJds shorter than that of the feniorals. The sculptured 
terrapin, which attains a length of about 7 inches, is specially chaxucterised by the 
toes bedng webbed only at their bases, by the uppiu* jaw liaving a notch in the 
middle,. on the sid(‘s of wliicli are a pair of tooth-like pi’oj(Jctions, and by ilm 
serration of the hinder border of the carapace. The shell is much depressed, with 
a raised keel down the middle of the back, ami ilu^ shields of the carajmee orna- 
mented with the radiating and concentric stria3 fi-om which that species takes its name. 
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Thick-Necked Nearly allied to the preceding is thc^ thick -necked terrapin 
Terrapin. (Brllid craf<siro(lis)y from Tenasseriiii, Siam, the Malay Peninsula, and 
Sumatra, which, with a second species from Borneo, constitutes a geinivf^ dis- 
tingutshed by the greater devidopment of tlu^ bony Vaittresses coniiecting the u])per 
with the lower shell, and by tlie hinder j)art of the head b(dng covered with small 
horny sliields. llie feet are fully webbed, and the anttu-ior vertebi*nl sliields of the 
carapace are more or less distinctly balloon-shajXHl. The typical species im^asures 
rather more than inches in length : and is of a general da]*k brown or black 
colour, usually witli some yellow markings on the plastron, and *801110 large spots 
of tlu‘. same colour on the head. Several representatives of this genus are met 
with in a fossil state in tlie I’lioceiui deposits of North-Western India. 

Hamilton’s The handsomely coloured Hamilton’s b^rrapin (Dawortia hamil- 

Terrapin. toni), from India, conspicuous for its lilack and yellow, highly 
vaulted, and three-keeled carapaces is the be.st known repr(‘sentative of a third 

genus, (listinguish(Ml from the hiri^going by the 
hind(‘r a])erture of the nostrils 0 ]>ening btdiind 
the ]in(‘ of the (‘yes, and tht‘ grt.‘at bivadtli (.if 
tlu5 ]>ala.t(‘. Like th«‘ two ])r(‘Ci‘ding g(‘iu‘ra, tla^ 
(‘iitoplnstral bone of the plastron is trav(‘rsed by 
the groov(‘ fornuMl by tin' union betwiHUi tlie 
humeral and th(i ])(‘ctoral shii'lds : aid the liimka* 
part of the h(‘ad is (.'(Aired Avith small sbi(.dds. 
Hamilton’s t(‘ri*apin lias th(‘ el(‘vat(‘d cai’apac(‘ 
mark(d Avith thr(‘e inbaaaipti'd longitudinal k(‘(‘ls, 
or rows of no(los(‘ ])r()niin<‘n(M‘S ; tb(‘ colour of th(‘ 
shcdl being dark b}’oA\'n or lilaekish, ujion wliieli 
are spots and streaks of yellow, and tli<‘ soft paiis 
having lik(.A\ds(i a similar (coloration. \Vliil(‘ in 
y(mng individuals the liirnka* ))oi‘d(‘r of tla* 
carajiace is strongly serrat(‘<l, in th(‘ adult it 
b(‘Comes nearly smooth. 'Jliis spi'Ciiss attains a 
length of iK'arly !) inelu'S^ at tli(‘ j>res(‘nt day, but 
fossil exampli's found in tlac Plioei'iu' ro('ks of Nortlarii India Avei‘(‘ still largm*. 
These fossil specimens livivl Avith numlxa-s of mammals lx ‘longing (‘ntir(‘ly to 
extiiK't sp(^ei(;s. Thei*(j aiAc four otlur species of the giams, ranging ovia* JMalayana, 
Soutlurii (Ellina, and »)apan. 

Salt-Water 'I'he last repixcsentative of tin* group witli a smooth palate and 

Terrapin. carnivorous liahits is the North Ameriean g(*nus Mulifcodmivt t/s^ 
distinguislied from the last hy tlie. head being' coven'd AAuth continuous skin, and 
by the gixxjA x; formed on the plastron by the junction lietween tho humeral and 
pectoral shitdds l^eing 8ituat(id in ad\"ance of tlac entoplastral hoiK*. Wliile tAVo of 
the species iuliahit the valley of tlie Mississippi, tlu‘ salt-Avater t(?rra])in {M, 
terrapin) is a frequenter of the salt-marshes of the Atlantic {^oast. Th« lattci* 
has an oval and muc.h dicprccssed carajiace, Avliicli attains a l('iigth of nearly 7 
inches, and is cliaracterised liy the great width of the first and second vertebi'al 
shields; its general colour being either olive, witli black concentric lines, or 
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xiniforni l^Iackish. Tlie pkistron is yi^llowish or roJdisli, with variabki l}lack 
liiarkiii^s. 

4t*is this species that generally forms the celebrated New York disli known^as 
terrapin; but it would s(i(?ni that other speei(‘s arc*, also used, as tlu* following ^iceount 
rcfei’s'to teiTapins taken high up tlie rivers. Thci best terrapins go l>y the name ol* 
“diamond -backs,” and do not generally (‘xceed some 7 inches in length, although tht‘y 
may rarely measure as much as 10 inch(‘s, l»ut all terrapin of larger dimensions 
belong to the inferior kinds, ordinarily dcisigiiated “ sliders.” According to Mr. W. 
M. Laffan, “ terrapin are caught all the way from Savannah and Charleston to the 
Patapsio Rivc'i* at Baltimore^ but the genuine dianiond-back Ixdongs only to the 
Upper t'hesa])(‘ake and its tributaries. TIk^ majoj*ity of the sliders are brought to 
Baltimore* fi’om thc^ Janu's River. The tej*rapin-catchers make fi'om ilve to twenty 
dollars p(‘r week, and they fijid the re])til(‘, or ‘bird,’ as the ho)} viva/td calls it, by 
])robing tie* mud in th<* shallows with sticks. The*. ti‘rrapin is dormant, and when 
found is easily secured. A 4-11). terrapin taken about S(*ptemb(‘r 15th will 
exist prospcTously in a dark, cool ])lac<‘, without food or drink, until April 15th, 
and (the* deah^rs say) Avill gain two ounces in Wi‘ight. After that tinu*. it g(*.ts 
li\'(*ly an<l acti\ (‘, aiid will taka* hold of a linger with gr(*at ethision and eflective- 
ness. TIh* ]iiah‘ t(‘]’i*apin is known as a ‘bull,’ aial tla* haiiah* as a ‘ cow.’ Tlu^ 
latt(*i’ is much moi’c* highly ])rizc*d, and g(‘n(n-a,lly contains about thirty i*ggs. 
No dish of ((‘rrapiii is (Jiought compl(4t‘ without In'ing garnished with these.” 
Forimu'ly caught in shoals, the diamond-back has now b(‘e()m(*. V(‘iy scarce, and is, 
indeed, in some dangvr of extermination. The terra])in furnislH*d in hoti‘ls is 
almost insariably " sliders,” diamond-backs being sold to ])rivate house's only. 

Painted Ua* sev(‘n r(*ma.ining genera of the family constitute a <listinct 

Terrapin. gi'ou]), distinguislu'd from the one including tlic six gen(*i*a just men- 
tion(‘<l by tht* ciivumstancc* that the l)road front portion of the i)ala.te of tin* skull is 
niark(‘<l bv om* or two longi- 
tudinal J'i<iges, and likewise^ by 
all the s])(‘(‘ies being mainly oi* 
cxclusi v<‘l \* hei*bi\’orous in tlu'ir 
di(*t- Among Iht'se, the large 
and (‘xclusix (‘ly AnuTican g(‘nus 
(7/ /7 /Ne a wi i ll a do/i'ii specie's, 
of which tie* ])aiuted ti'rrapin 
(C. pirfif) is one of thc^ bi'st 
kiKfvvn, bdoTigs lo a subgroup 
of three giujera, characterist'd 
by tlie bony buttresses con- 
necting thi*. u})[)t*r with thii 
lower shi'll being short or of 
modei*ate size*. From its allies 

?/s is d4stinguishe.d ])y tainted TEiiRAriN. 

the ’opening of the post<*rior 

iiosti'ils lieing situati'd bi'tween tlie eyes, and by the (uitoplastral bone being 
situated in advance of the gi'oove on the plasti’on formed by the junction of the 
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liuincral wiili tlio pectoral sliields. The painted terrapin of Easto]*n North America, 
which attains a lengtli of G inches, and lias a much dejiressed shell, takes its*nam<5 
from its bi’illiant coloration. Tims, the carapace is olivci or blackish, with j^low 
lines Imnhu’injj^ tlu; sliicdrls, and its marginal shields red, with black concentric or 
Crescentic markings ; while the plastron is yellow, soiiK‘times with small streaks 
of black' on the middle line, and the bridge red, with black markings. The soft 
parj;S have a brown or blackish ground-colour, with lighter bands, which are-yjcdlow 
oit the head and red elsewhere. 

Eyed and Chinese The eyi'd terrapin {Moron ki oroHctla), from Burma, tog(‘ther with 
Terrapins, alli(Ml specit^s from Bengal, constitute a genus distinguislual from 

the preceding by the aperture of the posterior nostrils opening behind tlu‘, line of 
the (^yes. The typical species, in which th(' shell measures iK'aily 9 inches in 
length, takes its nani(‘, from the (‘ye-1ike black spots I’ingiMl with yedlow which 
adorn each shi(dd of tlu^ back ])ortion of the carapa.c(\ On tlu* oIIku’ hand, the 
Chinese huTapin (Oao/la sinoosl,s\ which is the sole existing r(‘]>resi‘ntativ(‘ of its 
genus, differs fixnii (^h rusnoys in Iniving the entoplasti'on intei'sected by the groove 
formed by the junction b(‘twe(*n tlu^ ])ectoral and hunuu’al shields, ddie gtmus is 
of special interest as being rt‘i)r(‘sented by extinct sjxades in the in)i)er Eocene 
strata of the south of England and the Contimait. 

The remaining mend)(‘rs of th(‘ family, which are a]Tange<l under 
Batagurs. i i n . i i ‘ 

ioui* genera, and may be eollectividy known as batagurs, ai'r (‘.xclus- 

ively confined to India, Burma, and the Malayan legion. Tlu'y comprise the 

largest fresh-water represimtatives of the 

family, and are r(‘adily chai*a,ct(‘ris(;d by 

tin; gre.at development of the veiiical bony 

buttj*esses conne^cting th(‘ cara]')ace with 

tlu‘ ])lastr()n, which project as walls within 

the sh<‘ll, so as partially to divide it into 

coinpartnamts. Of tlu^ four gen(‘i*a, 

('OcInLya, which is represented by seven 

species from India and Burma,* is readily 

recognised by the great (‘](mgation of the 

fourth v(‘i’tel)ral horny shield of the 

carapace, which extends ov(‘r four or five 

of tlui underlying neural bones. The 

smaller mmnbers, such as Smith’s batagur 

((7. ,smlt/i l), and the black --and - yellow 

batagur (O. foxtum), of the Ganges and 

Imius, are characterised by th<‘ foui*t]i 

vertebral shield terminating in front in a 

narrow point. Whereas the foainer of 

these has a depressed and feebly keeled 

shell, the latter, (‘specially wlien youngs has 

the caraj)ace much vaulted, and the fliird 

vertebral shield produced behind into a conical elevation forming the highest part 

of the shell. The name of black-and-yellow batagur is derived from the irregular 



UPPER SURFACE OF ('AKAPACR OK SMITH’S 
BATAGUR {I lUlt. size). 
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•black patches on the bi’ight yellow plastron ; the cara 2 )ace being brown. 1 liavo 
taken specimens of* this j^i’^tty little batagur, which does Jiot exceed 8 inclnss in 
lengtl^^and is generally much smalhu*, ntiar the fort at Calcutta. Likci the undcijr- 
inentionod dhongoka., it occurs fossil in the Pliocene deposits oi* Noj*thern 
India. * The larger species of the genus, such as the Indian dhongoka ii\ dhovcfoht), 
which gi*ows to ov(‘r 14 inches, has the fourth vertt‘bral shield broad in front, 
instea(i of ])eiiig narrowed to a j)<)int. The three remaining gcaiera, Callagii^r, 
*and Hanlidhl, ditrer from the prt'ceding in that the fourth vertebral 
shield of the carapace is not longta* than the thinl ; but it will be unnecessary to 
point out the features by which *th(\y are s(‘verally distinguished. '^Flui largest of 
all is the true batagur (Bat agar hasra), in which the carapace measures upwards 
of 20 inches in length. 

All the batagui\s are exclusively vegetable feedcu-s, and the laig('r species are 
thoroughly acjuatic in th(‘ij* habits, spending by I'aa* the greatm* portion of their 
tinu^ in the water. They abound in the larger ]*ivei-s of India and Jhirina, wlmre 
their huge shc'lls (‘orm C()ns])icu()us obj(‘cts as tluy rise to the surface* to breathe. 
Describing the habiis of a captive specimen, Dr. tlohii Andeu'son state's that when 
it re)se to bre'athe “its nosti’ils we're^ simply protrueleel above the*- sni'face of the 
water, and retaine'd in that peosition for about half a minute*, eluring which it made 
a le)ng expii’ation, folle)we*el by a el(*ep inspiration, the cr(*atui‘e the'ii slowly 
sulisiding, tail-back ware Is, te) the^ botte)m. Thei animals, unle*ss th(\v we*re much 
irritated, newe*r atte*inpte‘d to bite, but, when so tre*ate‘d, the.*y sluggishly seize'el any 
<>bje*ct put in their way, holding it be^tween tludr jaws with ce)nsiele*rable te'uacity, 
at the^ same* time* withdrawing the hevad into the* she'll. The'V luoveel about on 
the* ground with cemsiderable agility, sujiporting theii* h(*avy bexlje'S e*rect on theur 
h'gs, like a lanel-tortoisej.” AnotluT spe*cie*s will occasie)nally snap, when, owing to 
the i'rictiem of its se*,ri*aleel jaws against each otlu'r, a ])e.*culiar kind of barking 
sounel is ])re)(luce‘el. Batagurs aix^ (*ate‘n in Le)W(*r Bengal by some oi’ the infei'ior 
castes of llinelus, a,nel are ke*])t fen* this purpose in tanks. 

The Bk^-IIeaded Tortoise. 

Family BlATYi^TERXIDA:, 

This extraordinary cre*ature 
{Vlai\jfdcribiim')ii'Cg(i<rphidati\),\\\\\OL\ 
is an inhabitaMt of the*, south of Cliina, 

Siam, aiiel Burma, is the sole repre- 
sentative, not only of a very remark- 
able genus, but likewise of a distinct 
family, wlvich appears to be*, to a great 
(ixtemt int(*rmeeliate* between! that of 
the tok-toises and that of the snappers. 

The most peculiar feature about this 
tortoise is the dispi'oportionately 
lar^e size of its head, in which the 



SIDE VIEW OF SKTTI.L OF lilO-HEADED TORTOISE. 
(Fioin Roiileuger). 
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beak is inncli hook(‘(l; and an (‘xaiii illation of* tlio skcb'ion will show that the 
temporal fossm of* the skull ditl’er from those of all the members of tlie preceding 
fa?nily in Ixdiig roolVd over witli bone, as in the following family ol* tlie smt^jipers. 
Mor(‘0'/er, tlu^ tail r('S(‘mbles that of the latter in its great length, and also in the 
circumstanct* that the articular surfaces of most of its vcrbdira^ have tlie cuj) 
b(diind and the ball in front, wluToas in the tortoise family just the reverse of 
th\s an-aiigeuuait occurs. On the other hand, the carapace resembles that ,of the 
latter, and diffm’s from that of the snapjiers in the absenefe of a rib-like process 
from its ]K)st(‘ri()r angles pasvsing backwards beiu^ath the marginal bones. The 



THK BKMlKxVDEl) TOUTOLSE (7. mit. size). 


carapac(‘ is charactei’ised by its extreme depnsssion and oval form ; while th(i 
plastron is of moderate size, and connected with tin; carapace sohdy by ligament, 
so that bony buttresses are totally lacking. The; hejid is covered with a continuous 
horny shi(dd, and the hooked jaws are of great pow(‘r. The to(\s an' of moderat(; 
h'ligth, and but slightly wi'bbed ; all, save the fifth in the hind-foot, Ix'iiig furnished 
with claws. Hie long and cylindrical tail becomes compressed at tlu; (md, and is 
covered witli rings of ipiadi-angular shields. In size this tortoise is small, tlu; 
length of the carapace being only about G inch(;s, and that of the tail some •three- 
quarters of an inch rnoiv;. In the adult the colour is olive-brown above, and 
yellowish brown Ix'iu'ath, but the young is more brilliantly coloured. Of the habits 
and mode of life of this tortoise, nothing appears liitherto to have been ascertained. 
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The Mx^d-TeiiRxVpins and their Au.ies. 

ClNOSTEBKID^l^: DErxMATEMYDlD^-E. 

The Tmi(l-tc‘rra.pins briii^ iis io ilic first of two iirai'ly ]*(‘lato(l 

fainilios confiiird to tlio New \Voi*l<l, all of winch ditihr fixjm* thos(‘ pr(‘viously 
iiotic('d by the ciieinnstaiice that tlio nuchal bone of the caraj)ac(‘ ^ives oil* fr<fiii 
eacli of its hiiuha* a]i^‘l(‘s a- lou^ ril); 2 )]*ocess wliicli nndei'lios tlu^ ijiai*e-iiial bones. 
From tlui st‘coii'1 family, tin' mud -terrapins, of wliicli there are elevcm species 
iiiliabiting America north of the Jilipiator, arc broadly distine-nislied (as indeiMl tJiey 



• PENNKYLVANIAW ME D-TERRAPIN (I Hat. .sizt‘). 


are from all other members of the order) by the fact that then" are but eio-ht bones 
in the ])lastron, owin^ to tla^ a])seuce of the unj)air(‘d euto]>lastral boiu‘. As 
reo;ards their otlier characters, tlai mud-tortois(\s resend.)K^ tlu' Trst ttiVni ithv in tlie 
conformation of tlie V(‘)*t(^bi7e oF tlie tail, and in the abstauv' of a roof to the ttmiporal 
fossa of tlie skull, as well as in tht‘ (‘xtreme s}u>rtm\ss of the tail. Tlu* carapace is 
more or less depressed, an<l is articulated by a bony suture with tla^ plastron ; tlie 
latter havinj: the ^uhir shields fused into one, or wantine;, and its fore and hind- 
lobes more or less movable. The toes ar<' fully webbed, and with tlr^ oxeejition of 
tlie fifth in the hind-foot, strongly clawed. The b(ist known r(‘pi-i-seutative of tlie 
genus'is the Pennsylvanian mu<l-terrapin {C. ii ivtn}}), wliich attains a 

length of about 41 inches, and inhabits eastern North America from N»'w York 
to the Clulf yf Mi^xico. fu colour, the shell is brown or brownish abovis and either 
yellow or brown beneath, the lines of junction between all the shiidds being dark 
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l)r()wn or blackish, wliilc tbe heatl and luick are Imnvn with ytillowish spots. 
From other sp(‘ci('s of tlie o;c*iius it is distinguished by tlie large size of the plastron, 
in wliich th(^ anterior lobe is narrower than the month of the shell. 

In geiiei*al habits the iimd-terj*apins se(*in to be v^ery similar to th(^ fresli-water 
members of the ten’toise family, although they prefer swamps and marshes to 
running watei-vS. ‘ Carnivorous in their diet, they subsist chiefly on small Ashes, 
insects, and woians, wliile tluy luxve been obs(‘rved to capture newts. Tlrey will 
readily take a ))aited hook, and when thus caught sink rapi<lly and heavily to the 
bottom, thus causing the angler to ]K‘li(‘ve that lie has hooked a wt‘ighty fish. At 
tin*- commencement of winter they bury themselves in moss, where tliey remain 
dormant till the following May. An (^xtinct genus nearly allied to the mud- 
tortoises occurs in the Teriiaiy rocks of Baden. 

Maw's Terrapin. ^biws terrapin {Ikniniteinys nnaivl) may be taken as a good 
representative of th(^ S(‘Cond family, all the thn^e g<ai(‘ra of which are 
restrict(*(l to Central America. This famil}^ coniu^cts the p}’ec(‘ding one with the 
vSiiappers, agreeing with the latter in tlie pr(‘sence of an entoplastral bone, and with 
the former in the clniracters of tlu‘ vertebrje of the short tail, which hav(‘ the cup in 
front, and the alisince of a roof to the tmnporal fossa of the skull. iMaw's terrapin 
and its allit's further agree with th(‘ niu<l-t<‘rrapins in the incomph'baiess of (Ik^. 
s(‘rii‘s of neural bones of the carapace: the, liimhu* om^s being wanting, ami thus 
allowing th(‘ costal platans to imnd in th(‘ middle line. Fxtmaially, the, miunbm’s of 
thi‘ prestait family may be distinguish(‘(l from tlu‘ Tf'Atidi h ultr by th(‘ pn‘S(‘nce 
of an additional series of infra-marginal shiidds betwetai the maiginals and thosi^ 
of th(^ ])lastron — a featuri* which th(\y ])<)s.s(‘ss in common with the big-li(‘ad<'d 
tortoise and the snappers. Maws terra])in, which attains a haigth of sonn^ 
15 inches, and is the sole I’ejiresentativc of its gmius, has tin* plastron large, and 
connected with tlu* cara])acel)y an ehmgated bridge: the gular sliield Ixang singles 
and the usual five otlim' ])airs of shiedds being ]u*i‘seni on the* [ilastron. Unlike^ 
most othej* tortois(‘s, IIkuh' arti twelve* pairs of marginal shiedels, in ])lace of the 
usual elev(*n. In the other two genera of the family — Sin if mi and 
— the plastron is reeluced to a ci*oss-like sliape, and has but a short connection with 
the carapace* ; while*, the numb<*r e>f pairc'd shiedels eai the* former is only fenir ea* 
or three*, and the chin is pi-ovide*el Avith a pair of Avatth'-like ap]>eaidage‘s, of Avhich 
there^ is no trace in Maw’s terrapin. While* in tiu* two sj)ecie‘s of /SVef a /v>/ ///>//. s the* 
])lastron is ce)nnect(*d Avitli the* carapace by a bony bridge*, in the singles represe‘n- 
tative of CAn/z/Zas the* junction is (‘utirely ligame‘ntenis. This family is r(iprvse*nteel 
by seve*ral (‘xtinct gene*ra in tluj 1\irtiary and (a*e‘taceous strata <.)f TSoi-th America., 
one* of which { t/s) had the fidl se‘rie‘s of ne*ural bones ; and there, appear 
to have bet*n allieel foians in the* ]Mire>]>e*an Tertiarms. 


TlfE S.VAIM*EHS AXI) ALXAGATOK-TEKHAriNS. 
Family (hlELYnniDA:, 


Resembling the big-heaeled tortoise in the great I’clative size of their liook- 
beaked heaels, and their elongated scaly tails, the snappers and alligator-terrapins 
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of North and Central Aniorica constitute a wedl-inarked fainijy hy themselves. 
In the^rst place, they di her from the species, named in tliat ilm majoriiy of the 
vertel3i?ai of the tail havcj the articular cup behind, and the ball in front; Avhile tke 
temporal region of the skull is but partially covered with a l)ony roof/ Th() 
Ameri&in Forms are further characterised by the relatively small size of the 
carapace, of which the hinder border is strongly serrat(‘<l ; wlTile the cruciform 
plastrciu* is likewise small, and ])ut loosely articulated with the upjier shell by a 
very narrow bridge. Mort^ov ta-, both tlui uppei* and lower shells are not complett*ly 
OHsilied till very late in lil'e, vacuities nmiaining for a long timti between 



ALI,l(.'AT01{-TE;iKAriN (/. IJftt, MZe). 


th(‘^ costal and marginal bones in the former, and in tlui middle lim‘ of the 
latter,* TIk'h, figein, tie' plastron is peculiar in that tlie abdominal shields, which 
are sepai-at(‘<l fi*om the, marginals by an inframarginal s(‘ries, do not ineet one 
anotlun* in th(‘ middh‘ line, although th<‘y may be coniu'ded by soim', small, 
iiregular, un^)air(Hl, additional shiidds. Furtliei-, tiu' enormous hea<l cannot be 
complet(‘ly n‘t]*acted within the carapace, of which the anterior marg’in is deeply 
excavat(‘d in order to aftbrd it room ; and the chin is provided with one or more 
pairs of pendent watth^s. With the (*xc(‘ption of the fifth in the hind-limb, the 
toes are furnished with claws ; and the long tail is crested abo^ e. 

Alligator- ^ The alii gator-terra pin, or snapping turtle (Chehfdra serpenliua) 

Terrapin. ^ giant among riv<‘r-tortoises, and takes its name from a fancied 
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resign iblance to nji siirinoiiiii(‘(l hy a cboloiiiaii shell. It is oiu^ of two 

sp(‘-ci(js l)el()o^iiio- to ti oeinis characterised ])y th(‘, (‘yc'S heiii^ diiveted upwards and 
o^atwards, so that th(‘ii- sockets an^ visible in a top vi('W oC the skull; l)y the tail 
bein;;^ fuiaiislu'd witJi lari;’(‘ horny shi«‘lds on its lowia* sur[‘ac(‘ ; as W(‘ll as by tln^ 
abs(aic(‘ of tlu'. su])i\‘iniarij^inal shields found on thti cjira})ace of Teinniinck’s 
sna|)p<n\ Tlu‘ ea]'apac(‘, which niay attain a leni»‘th of at ](‘ast 20 inches, is 
chai*act(a*is(‘d by its j*ni;*os(‘ siirfac(‘, In^arin^ thrive w'(‘ll-inavked tulxa'culated k(‘(*ls, 
which t(Mid to beconi(‘ smoother with a^h anciniL^ a;^*e ; \vhil<‘ its vertebral shi(‘lds 
are nanai'kable foi* tluai* ^T(*at wi<{th. ^J'he snout is short and ])oilit(‘d, with a very 
narrow spac(‘- b(‘tw(‘(‘n the eyes; the skin is Avarty, and on th(‘ chin is <levelo]HMl 
into a 2 )air ol wati.h's or barln'ls. In th(‘ N'ouni^ tli(‘ l-ail is as loiii;* oi‘ I'ven longer 
than the shell, becoming' ]*(‘lativ(‘ly shortca* in the adnlt; its u])pei' surfac(‘ having* a 
ci-est of lar<j^e com])r(‘SS(‘d tubercles, wdiihi tlu‘ shields on the lower surface have 
he(‘ii alr<‘ady alluded to. As in tho otlun* mendxa’s of the family, th(‘ colour is a 
uniform olive-brown. Th(‘ allii^^a tor-terra pin inhabits th(‘ rivc'rs of North Amm-ica 
to the eastw^ard of the Kocky Mountains, from Canada to ]\I(‘xlco, and is also found 
in Ecuador. A s(‘Cond li\'in^ sjiecies (C. roNsn/uou / / h distin^’nishod, amon^ otluu* 
f(‘atures, by th(' ])n‘S(‘nce of four Avatthss on th(‘ chin, is iiud wilh in ( Juabanala 
and ]\I(‘xico. Nh'a.rly allied to this is a third and (‘xtiuct sp(‘ci(‘s iinnw/n- 
from the ]\Iioc(‘ne rocks of Ihuhai : and as we havi* alr(‘ady S(‘en that the*, 
niu<l-i.(.Tra])ins, and pi‘obal)ly also Maw’s terrapin, woro i‘(‘pr('smiied in tlio 'feiiiaiy 
strata of Eurojx', it is not improbabh* that the Eastern Jftanisjjheiv may ha\’e betai 
the original home of the pi’(‘sent j^Toup of families. 

Temminck’s Attainin<^ consi<lorably lar;»-oi- dimensions than the aIliL;-ator- 

Snapper. bu'raj)!!!, Temminck’s snapper { ni ys hitnn nn'L’f ) is «lis- 
tin^uish(‘d as a ^<*nus by tin* lat(‘ra.l position of 1hi‘, (“y<‘S, the sockets of wliicdi ai’e 
invisibki in a ir*ont vi(‘W of tlu' skidl. as wdl as by lie* ]a*es(‘nc(‘ of three oi* four 
additional or supramare’inal shields on th(‘ si<h‘s oi’ the carapace, and by tlu^ under 
surface of th(^ tail beine- co\<*r(‘d with small scah^s. Ida* trian;j;ular lu'ad is pro- 
portionate}^ evem lar;^(‘r than in tin* allie^a. tor-terrapin, and ila? cai*a])ace has thr(‘e 
V(‘iy stj-on^ly markiMl lon^^itudinal ridges. Jn h*n;j;'th, the slall ma^ measure ai» 
l(‘ast a couple of feet, th(‘ tail bein^ som(‘whaX shoi’ter. This s])(‘cies inhabits 
North Am(‘i-ica. fi-om Westcnai Tt‘xas to Elori<la, (‘xtendinii; nortliAvards to Missoui’i. 

Habits Since tlu‘ allij^ator terrapin and d'emminck’s sna]>j)er a])j)(‘ai* to 

be V(*r\" similar in ilndr mod<‘ of Jif<‘, theii* habits ma\^ Im* t,reaXe<l of 
coll<‘ctiv(‘]y. both these tortoises friMpient alik(‘ th(‘ riviu’s and laj*e’(‘r swamj)s of 
the United State's, occurring in C(‘rtain localities in enormous nunflxu's, aiai most 
commonly in Avat(‘i*s that have* a muddy hottoni, not even disdaining* tlui most 
malodorous jiools. As a rule, they lie in dcs*]) wat(T, near the. middh‘ of the river 
or SAvamp, although at tim(*s tiny shoAV thems(dv(‘s on th(‘ sui-faca , Avlauv, Avith 
outstretched neck, tiny Avill float Avith the current. Jn pojmlated districts tlu^ 
least sound is, hoAvever, sufficitmt to send tluaii at onc(‘ to th(‘ bottom, although in 
more ivmiote. regions they are l(?.ss shy. At tiimss they may be obsi‘rv(‘d at 
considerabl(‘ distances from tla*, Avater, jirobably in S(‘arch of food or of suitabk'. 
sp<)ts to deposit their c^ggs. Temminck’s snapper av(‘11 desei'VH‘S its name, sinetN 
Irom tlui moment of its escajie from tluj egg, it comnuaices to sna]) and bibi at 
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everything within its r(‘acli; and an adult has been known to luakc^ a cli^aii 
perforation with its powerful beak tln-ougli the blade of an oar lialC an inch in 
thickm??s. When one ot* tliese torlois(‘s is taken into a boat, VVidtiland states that 
it will ]*(‘ar itself up on its hind-legs, and with ]ightning-lik(‘ sjxa'd tiirow itself 
half a yard foi wards to bit(‘. an oar; and tliey luive been known to intiiet te]*i*i])le 
wounds on persons wljo luave ineautiously enttTed wattn-s wlun t' Hu‘y abound. In 
the water tile inovoineiits of thes(‘ re[>tiles ar(‘ more rajiid than those of most of 
their kin, and wIkmi in pursuit of ])rey th(‘y swim with sui’iirising s])e<‘d. Idieir 
foofl consists la, rij(‘ly of lish, frogs, and othcn* water-animals; whih^ 
fr(‘(juently sidzi' a,n<l <b‘ag down la.rg<^ a(|natic birds, mo]-(‘, espt'eially ducks and 
giiese. Tanu' spe(*jmens, that W(‘re ki‘pt in a pond in the United Statt‘s, jirovixl 
terrilde fot\s to the stock of lish contaim‘d in tlui same. Th^e eggs, whicli vaiy 
IVom twenty to thirty in numlier, and are about tlie size of thosci of a pigeon, ar(‘ 
d(‘])osited on th(‘ ground m^ar the water, ami are carefully coviuvd over vdth leav(*s. 
In captivity tin s(‘ tortois(‘s thrive w<dl in Euro])(‘, if the water bc^ kt‘pt at a 
sufliciently high t(an])(‘i‘ature ; and a s])ecimcn of Teinmincks snappia*, wliich has 
li\'(Ml for moi(‘ than lhirt(‘en y(‘ars in the Brighton Acpiariinn, g'i*(‘w to a huigth of 
h(‘tw(‘en d ami 5 fhc^t fi’om lieak to tail, wlu'reas, on its arrival, it m(‘asured less 
than a foot. Tn th(^ eontin(‘d limits of a tank tlu‘, moveiiumts of this reptile were 
d(dib(‘rate and sluggish, and gave no idea of tlui activity characterising the wild 
sta.t(i. Although tlu^ ti(‘sh of the a<lult of this species has such a sti'oug musky 
flavour as to be un(*ata,ble, that of tin*, young is stated to b(‘. tender and [)alata])le. 
The eggs ai‘e also sought aftia* as articles of food; and when two or three females 
liav(' laid together, as many as from sixty to seventy may be taken from a 
single nest. 

The Tuiitj.es. 

Family CUELOMDAH. 

Th(? families mention(‘d up to m.nv liave thidr feet more or loss fully 
idapted for walking on laud, and the majority of the to(‘s furnished with well- 
dtwmloped claws oi* naijs ; whilt^ t]i(‘ carapace is gxmerally of a somewhat oval 
form. Tli(‘ tru(i turtles, on the other hand, whih^ agre(‘ing with the foivgoing in 
having thiuj- sludls covered with horny plat(‘s, ai*e at onc(‘ distinguislual by the 
limbs being converted into flattem^d pa.dd](‘S, in which, at tlui most, only Uvo of the 
to(‘S are furnisluMl with claws. They are furtber cliaracterised by tin* Inwirt-like 
form •of the cTirapace, within whicli the liead can bt‘ only pai'tially withdrawn ; 
while the ])lastron is neviu* united by bom^ to the carapace, and vacuities remain 
ill the latt(‘r b('tw(‘(‘n tlu* costal and marginal bones either throughout life, or for 
i very long pcu’iod. Th(‘ skull has its temporal fossai com])h‘tely roofed over by 
bone; and tlu^ viutebi’a^ of tlui very short tail have the articular cup in front and 
the ball behind. Eutiindy marine in tiudr habits, and n'sorting to the shore only 
for thc^ pur])OS(‘ of‘bnM*ding, turtles difliu* from tortoises ami t(‘rrapins in that the 
sh(dls of their eggs are soft. In their entire conformation they are admirably 
iida])ted for an acfuatic life, tlu' bo<ly being d(‘pressed to facilitate rapid progress 
thrpugh the watcu*, ])oth the skull and slndl bidng of unusually light and ])orou8 
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striicltDV ; AA^liilo tli(' ]ii}i])s form most jHTlVct ])a(l(ll(‘S, ca])?il)le of propt‘lliiig thu 
aiiiiiuils Avitli fj;Tcat sp(‘(Ml. TJk^ is j)laco<l ujjoji tlir lu'ck in sucli a manner as 

to allow of t]u‘ nostrils l)ein^‘ i'(‘a(lily rais(‘(l a.l)ove tli(‘ surface of tlie watel jor the 
])nrpose of hi‘eathin<j^, and tlie no.strils tliemselves can he liermetically closed by 
iiKMins ot* a. lleshy v;dv(‘. Tln^ tlu-ee best known sp(‘cit‘s of turtl('s, Avhicli are 
assio'iied to two ^’eiiera., are inliabitants of all tro])icai and snbtro2)ical seas; one' 
sp(‘cies — the ]o<4^erh('ad — occurring in the Mediterranean, and occasiomilly wandei’- 
in^ northwards. 

\Vid(dv celebrated as ])einir the soii]*ce of the* far-famed turtle- 
Green Turtle. . \ ‘ , 

soup of ci\dc ba IK I nets, tile ^i;'r(‘(‘n tnrth' (7 7/c/oac 7>rydn.s)is one of two 

speci(‘s belon}.i:in^’ to a genus characterised by th(‘ ])resence of four paii-s of costal 
shields on the carapace', and by the persistence of tin* vacuities In'twei'ii the costal 

and marginal boiK'S of the, latti'i* 
throughout life. The plastron 
is, mor('over, <listinguislK'd by 
the piH'sence of an int(‘rgulai* 
shield b(‘tw(M'n Uk* two gulars ; 
wliih', as in th<‘ S(‘cond g('nus, 
there is a row of inframarginal 
shields b(‘lW(H‘n the marginals 
and the projx'j* shii'lds of th<' 
plastron. skull is of moder- 

ait‘ siz(' in com^ririson to the slu'll, 
with th(‘. sockets of the ey(‘s 
placed n(^‘ll’ly V('i*tically, and 
se])ai'at(‘d by a. Inroad bar of 
bone. Suedi aiv (he charact(‘rs 
common to the two s])(‘cit*s of the. 
tv[)ical genus of the family. 
The gi*een turtle is spi'cially 
distinguished by it^ short lieak, 
wliich is <le\'oi<l of a hook at the 
ti[), and by the shi(‘l<ls of th(' 
GHKEN TUKTLE. carapac('. In'ing in contact by 

tlu'ir (‘dg('s all thi*ough life. In 
the young, the. carapace shows a faint median ke(‘l ; whih' its hinder margin is at 
most but b'ebly serrated at all age.s. (Senerally there is but a single claw on (‘ach 
paddle, although, in some instances, young specimens also liave a claw on the 
secon<l digit. In colour, the' slndl of the adult is olive or bi‘own, Avitli yellowish 
spots or marblings; while in the young it is uniform dark brown (>r olive above, 
and yidlow beneath, the limbs being bonh;red with yellow on tin*. u[)per surface, 
and inferiorly y<dlow with a b)*own spot near the (extremity. The food of the 
speci(*s consists of s(‘awoeds, especially the seawrack, upon which the ^tuiTles 
graze at the bottom of tlu' water, rising occasionally to the surface to broatfie. 
HawkabUl Turtle Crcnc^rally rejectcnl as food, the hawksbill turtle {C. iinhricata) 

enjoys thereby no respite from persecution, since it is eagerly hunted 
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k)V the l)eaiitifu]ly inottlod liorny sliii‘]ds of its s]i(‘l], which are th(^ sole source of 
the tortdise-shell of cotiiiuerce. Tii its youn^ state, tlie hawksbill luay ])(‘ riaidily 
distin^yi tilled from tlu^ prectMliug spt'cies hy tlie circumstance that tlu^ horny 
shields on tlu‘ back of the. tluvi^-rid^*(Ml sliell ovan Jap on(‘ anoth(‘r like the tiJ(‘s on a 
roof. With advancing age tlve slnelds gradually, liowa'.ver, l)(‘Coimi smootli, and in 
•very old specimens tiny ineid at their (Mlgi\s, as in other members of the order. 
At all ^ges the hinder mai*giu of the cara2)ac(‘ is inorci or l(‘ss sti ongly sej*i-at(‘d ; 
and tlu‘ coni2)r(issed and »har])ly hook(‘d beak will always serve to distinguish at a 
glance a hawksbill from a gi-i‘en turtl(\ Moreover, the limbs always have two 






HAWKSHILL TUKTLKS SVVIMMLN(; (Wy lUlt. Sl/e). 

claws. In the adult, the shields of the carapace are beautifully niai'blcMl and 
mottlul with jvllow and dark reddish brown, while the ^dastron is ytdloAV, and the 
shields on the head and paddh'S ai'e brown with yellow margins. In size this 
species is somewhat inferior to the green turth% the cara2)acc attaining a haigtli of 
about 32 inches, against 42 inches in the latter. In habits the hawksbill differs 
markedly from the grinai turtle, being exclusively carnivorous. 

Loggerhead Tlu‘ third, and probably the largest s])ecies of turths is the 

Turtle. loggerhead {I'lndasHocheljifi varett(i), (^asily recognised by its enormous 
head and the presence^ of at least fivtj costal shields on each side of the carapace, 
which differs from that of the two preceding species by becoming completely 
ossified in the adult state. The beak is strongly hooked ; and w^hile in the young 
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thor(i iir(^ usually two claws to each ])a(l(ll(‘, one of these frequently disaq^pears in 
the adult. In culoui*, tlui adult is brown above, and jtdlowish beneath; but the 
.young is uniforndy dark brown or Idackisli. The IVIexican loggtu-liead 
from tlui (hi If ol ]\h‘xico, dili'ers in liaving a median ridge on the bone of each jaw, 
whereas in the ordinary sp(‘ci(‘s such ridges are contimal to the inv(‘sting horny 
sheath. Accor<llng to J\Jr. (Josses loggerh(‘ads feed on cuttles and otheu* molluscs,’ 
iJi(dr ]) 0 werful beaks enabling them to crush strong conch-shells as easily iiis a man 
' can crack a nut. 

Habits Ai)art fi’om the difference in their foorl, all turll(‘S apiiear to ])e 

similar in their general mode of life, never l(‘aving tlui sea except for 
the imrpose of laying their eggs, and then sliuifling along in an awkward, ungainly 
manner. During tlui laying season they resort to low sandy coasts, esp(;cially 
unfrecjueiited tropical islands, in vast numbers; and if once turn(‘d on their backs, 

while on shons are unable to 
right themselv(‘s again. This 
habit of I’esorting to th(‘ land 
to lay their eggs cl(‘arly pi*oves, 
it may be o])s(‘r\'ed, th(‘. descauit 
of turtl(‘S from fr(‘sh - wat(‘r 
niemb(‘rs of the order. Writing 
of tlu‘ gi*e<‘n tui’tles at Aldabra, 
on(‘ of the St‘yclu‘lh‘s group of 
islands, Mr. Spurs remarks that 
the mahss permanently fn'qmiiit 
th(‘ l)ay of that island, the 
f( ‘in ales when they attain full 
maturity (tw('nty or twenty- 
live years) disapp(‘ai*ing alto- 
gether. Wh(‘n the latt(‘r come 
U) the shor(i for th(‘. purpose of 
laying, tluai’ shelfs are covered 
Comm/‘rcially, the f(‘mal(‘S are 
more valuable than the mah^s, and, as they are mori‘ easily captuivd, tin; pro])ortion 
found on the island is one female to every t(‘n males, altliough, for one of tlie 
latt(‘r, about ten of tlu^ fornitir sex are hatched. Turtles generally come ashore 
on line moonlight nights, displaying great caution in landing, and then genertilly 
utt(‘i‘i]ig a loud hissing noise which serves to dis])erse many of their enemies. * Once 
landed, the female turth^, writes Audubon, ‘‘ proc(‘e<ls to fonii a hole in the sand, ^ 
which slui effects by r(nnoving it from under lier body with h(‘r liind-flippers, 
scooping it out with so much dexterity that the sides seldom, if (*v(ir,*fall in. The 
sand is raist‘d alternately with each llipiaa*, as with a largo la<lle, until it lias 
accumulated b(‘hind her, wht‘n, supporting herself with h(‘r head and foreqiart on 
the ground fronting her body, she, with a spring from each flipjler, sends tile sand 
around, scathu'ing it to the distance of several fe(‘t. In this manner the hole is <lug 
to the depth of eightc‘(‘n inches, or sometimes more tlian two feet. This labour 1 
have seen performed in the short space of nine minutes. The eggs are then 
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with ])arnacles of two or three weeks’ growth. 
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/Iropped one by one, and disposed in rerrular layei's, to the niindjer of one hun<lred 
and oi- sometimes nearly two }inndr(‘d. The wliole time sjxmt in this jijirt 

of th(‘ \)j)eration may b(‘ about tweidy minutes. Sh(‘ now sejvjpes tlie loose s;in(^ 
l)ack over tlie e^^s, .ind so levels and smooths the surface^ that few })ersu]is on s(Vin^’ 
the spot could ima^inci that anything had ])een <lone to it. This aceoiiiplish(‘<l to 
’h(‘r mind, she jxdreats to tln^ water with all possible d(‘Spatcli, leavun^j^ the hatching- 
of th(.‘ (*^ 1 ^:;!;^ to the In^at of th(' sand.” During a season each femahi will lay thix'^^ 
dutches of at intervals of from a fortni^lit to three we(‘ks, usually f]*oie om^ 

liimdred and tweliiy-live to one hundred and filty in number. No sooner are the 
youn^ tui*tl(‘S hatdied, than liosts fall victims to land-crabs, frigate-, and other sea- 
birds, while, wlaai th(\v r(‘ach tlui sea, tiny are aitack(‘d by swaians of pi*edaceous 
hsh(‘s. To (\scaj)(‘ tlui lattei*, the youn^ r(‘ptiles allow themselves to be carried out 
by ein'rents into d<‘(‘p water, wh(‘ro tli<‘y are less readily s(‘iz(‘d. Durin;^ tin* 
br(‘eding-season the inak‘s fii»ht d(‘S])ei’ately with one another, to the ^r(‘atjoy f)r 
the sharks, by whom th(‘ disabU‘d ones a]*(‘- sei>ced. 

Wh(‘n first laid, th(‘ round e^^\s of turtles ai*e lu^ver fjuite full, but bi‘rore 
hatching* b(‘coni(‘ fully disf.(‘n(l(‘(l. In d(‘scribin^ tlu^ br(‘edino‘-liabits of the tuj’tles 
k(‘pt in a pond n(‘ar th(‘ doekyai’d in Asecaision Island, Mos(‘l(‘y states that in tlie 
l)j'(‘edin^-s(‘ason the banales di^ ^reat hol(‘s as lai*^‘e as th(mis(‘lves in a liank of 
sand, in which to d(‘posit th(‘ir e^gs. 1"h(‘ sand in whi(*,h the e^^'s an* laid (lo(*s not 
fe(‘1 warm to the hand, hut <luiino- tlu* daytime is )*atlu‘r cool, while it is at all 
times moist. .Its t(*mperatui*e app('ars to un(l(‘i*^*o no mate]*ial \ariation, owino^ 
to tlu* (h'pth at whi(di the (\ii^gs are d ( ‘posited ; such medium amount of lu'at bein^ 
sullici(*nt for the hafehin^. 

Although a Jar^Hi numlier of ^reen turtle are captured by beinp^ turned on 
th(‘ir backs whih* on sho]*e, in tlui 8eych(‘ll(‘s and Bahamas th(*y an^ hai'pooiu'd. 
In K(‘e1inij^ Island tlu^ iiu'thod of capture is describ(‘d by Darwin as follows: — 
ddit* wati‘i* is so ch.‘ar and shallow that, alt houj^li at fi)’st a tuj’tle divc‘s quickly 
out of sioht, y(‘t, in a. canoe or boat uiuh*r sail, tlu* ])ursiu*rs, afkj* no lon^ chase, 
conu* up to if. A man, standini»‘ neai-ly in tlu^ bows at this momeni., dashes 
through the wat(‘r u])on tlu‘ turtles back, theii, cli lining ^vith lioth hands to the 
sludl of the lu'ck, lu* is*carried away, till the animal b(‘Comes (*xhauste<l, and is 
secunid.” In ( diina and Mozaml)i(|m‘ turtles are captun <1 by means of sucking- 
fishes, v/hieh are tak(‘n to a spot wlu‘iv tlui reptih*s ai*e baskine* upon the surface 
of the water. Bach tish has a rinij^ round its body to which a line is attached, and 
as .*i()on as it secur(‘ly fast(‘ns its(‘lf l)y its suckino'-disc to tlu* back of a turth*, both 
captor* and capfiwd an* d]*aAvn aslioiv. Altliou^di those of tlu^ loi»'^'(*rhead have a 
somewhat musky taste, the e^^-s of the otlu‘r sp(*ci(*s of turtle are much esteemed 
as articles of food, while all yit*ld a valuabh* oil. 

Tortoise-ShelL * alread\' said, tcirtoiscvshell is a i)roduct of the hawksbill turtle, 

and it is too often taken fi-om flu* back of tlui living animal bv the 
aid of heat, aft(‘r which painful o})eration the unfoi*tunaU* turtle is veturned to its 
native 5lciiu*nt. As the ravv tortoise-shell Is very uidike the linished article, with 
which all are familiar. Bell’s brii*f account of the proc(*ss of manufacture may bo 
(fuoted. The horny shit'lds, as remov(‘d from the turth*, b(‘in^ Id^hly curv(*d, “the 
iineyen curvature is lirst of nil to be removed, and tlu; plate rendered perfectly flat. 
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This is by immcrsiiio- it in hoi \vati‘i% aii<l ilu'ii allo\vin<^ it to cool under, 

licavy ])ressurt‘ betwcM'ii smooth bhxdvs of wood, or metallic plat(?s. The surface is 
then r(‘nder(Ml smoolii, and the thickness equal, by scr*a])ini>* and filing away the 
rou^’h and promimait ])ai ts. In this way each plat<‘ receives an ecpial and^ smooth 
surface. Jhit it is in many cases desirables to enqdoy large‘r })ieces than can be 
obtaiiKxl from sini^'le ]>Iates, and two pieces are then united toe’etlier in the 
following manneu’. T]m‘ (‘dnvs ai’e^ bevelled off to the s})ace of two or.threes lines, 
and th(‘ margins, when placed to^'<‘th<‘r, ovendap eacli ot]u*r to that e^xteait. d'hoy 
ans th(‘n pj-e^sseal toj^etlier by a metallic ])ress, and th(‘ whole is submitted to the 
action of boilinr^ waten- ; and by this means the; two pic'ciss ai*e so admirably 
s()ld<‘r(‘d t()^*(‘ther as to leave no indication of the line of union. i>y the a])plication 
of heat, aJso, the tortoise-shedl may be mad(‘ to receive any impi‘(*ssion by bedng 
])ress(s<l betw(‘en metallic moulds.'’ Necklac(‘S, etc,, are made 1y jin^ssin^ the 
fragments and dust in moulds. 


Turtl(‘s, more or less closely allied to th(‘ (‘xistiim* kinds, abound 
Extinct Turtles. . . . , . ’ 

in marim^ strata of tin* T<;rtiary and Cr(‘taceous epochs, som(‘ belone^- 

in^ to extinct and otluTs to th<‘ living <j^(*nera. Amon;^* IJk* lati.(*r, tlu^ ^i^’antic 

Hoffmann’s turtle {(^helone Itolhna un i), from tlui chalk of Holland, ap])(‘ars 

to have been alliecl to the hawksbill, but had a sludl of some 5 f(M‘t in length. 


Kxtinct loworlieads occur in tlu* London (dav: and an 


[‘(1 extinct <j;enus 


{Lj/f(>l()init)y common to tlui same formation and the U})]Kn’ (h’etaceous d(‘})osits, was 
remarkabhi for the ^reat hm^th of th(‘ bony union l)(‘twe(‘n the. two braiudies of 
tlu' lowei* Jaw, and also for the circumstance that tin" ai)erture of th(‘ int(‘rnal 
nostrils was placed i-i^dit at the hinder (‘xtremity of th(‘. palat(‘, as in crocodiles. 
In strata old<‘r than tlu^ (lialk, such as tht^ Purbeck and other Oolitic I’oeks, wi* 
me(‘t with turth^s havine- heart-sha.p(Ml shells, but clawed Iiml)S, and a vacuity in 
th(‘ centn*. of the })la,stron, thes(‘ forming an extinct family {Acichrlfjiflit'), from 
which tlu^ iiKjdern turtles have probaldy ori;.^inated. 


Leathery Turtles. 

Family J)EnM()CIlEL YID.E, • 

The remarkable heathery turth‘, or luth {Dmnochrlf/fi coriami), which is the 
solitary sur^dvor of a series of extinct forms, is oiui of those animals whose serial 
position is a matter of dispute amon^ naturalists ; some of whom regard it a^ so 
different from all other Clu'hmians, that it ou^ht to r(q)r(‘sent a suBordtu* by itsedf, 
while others believe it to be meredy a hi^ldy specialised form allied to the true, 
turtles. From the evidence afforded by extinct speci(‘s, tlie latter view, to our 
thinking*, appears the inortj likely to b(5 the true one. The essential •p(*culiarity of 
the leathery turtle is to be found in the nature of its carapace, wln’ch is a mosaic- 
like structure composed of a number of irregular discs of bone closely joined 
together, and entirely free fi'om the backbone and idbs. In certain extinct forms 
the carapace, on the other hand, is represent'd mendy by a row of marginal bones ; 
from which it is inferred that tliese reptiles have been derived fiom tyue turtles by 
a gradual disintegration and breaking up of the carapac(\ In the living genus the. 
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cai-apacc is compKiicly bony, and luarkod ])y seven prominent longitudinal keels; 
but tlie plastron is much less fully ossili(‘d, and carries five similar kends, tl)e 
unpair(id taitojdastral bone being wanting. The liivid, wdiich is coviuvd with small, 
8hi(d<ls, is j'(‘ma,i’ka.ble lor its relativcdy large size and globos(* form ; tin* beak 
having {wo triangular cusps situatr<l Ix^tweeii tliree dt'ep notches, d'he jaws dithu* 
•from tliost‘ of the true turtles in b(‘ing sharp“(‘dg(Ml from end to cTid, without any 
expanded bony ])alat(‘ ; and there* is also an important dillereuice in tlui structuriv 
of the*- skull its(‘ll', wbich’may, howeven*, be a])parenfly the result of specialisation. 
As in th(i true tnrth's, tin* limbs an* eonvej’t(Ml into llatteiuMl paddles, which are. 
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however, coinpletcdy destitute of edaw^s ; the front pair being much elongated, 
nari-oW, and pohibal, while the liinder ones are short and truncat(‘d. The humerus, 
or bone of tint upp(‘r arm, has the same g(*neral form as in the true turtles; and is 
thus v(‘iy unlike the corresponding bone of other memb(*rs of the order. The 
process niark(^l A in tlie figure on p. 88 is more dcveloi)ed than in the turtles; 
and the foramen r at the lower end is unique in the order. Largest of living turtles, 
the leatlnuy turtle exc(t(‘(ls G fe(*t in length ; and while in the young the front 
flippers Jire e(]ual ill length to the shell, in the adult tln^y become shorter. The 
general colour is dark brown, which may be either uniform, or redieved with 
yellow spots j the longitudinal tuberculate<l keels on the shell, as well as the 
margins of the limbs, being invariably yellow in the young. 
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1'liis is ^onrrally <]istribuU‘(l throughout the tro})ical })ortions of thd 

Atlantic, Indian, and J^aci^ic Oct^ans, fjoni Avlicncc ii occasionally \vandci\s to the 
foasts of coohu- jc^ioiis. Vcai’ly ])cconiin^ s(‘.arccr, it is, however, (aie of those 
species which stand a, fair chance of extermination at no very distant date. 
Althon^jjh but littl(' is knoAvn as to tlie iiK)d(^ of lif(‘. of this turth', it appears that 
its food is chi(‘ily ^>f Jni animal nature, comprising iish, crustactains, and molluscs., 
tile bi’e(Mlin^-st‘as()n it appears in numbers on tlie Tortillas Islands, off th(‘ coast 
of Florida, and sometimes in stiil abilndance on 

tliii saiidy shoiws of Bj’azil. Arriving sonu'what later than 
th(i true turtles, it (h‘jl()sits its e^i>s in a similar maniK^r, 
laying as many as three hundrc'd and fifty, in two }mtch(‘s ; 
Avhil(‘. at tiim^s, when thn^e or num^ fmnales hav(^ a nc'st in 
common, upwar<ls of a thousand e^’^s may Ixi found in 
ti singhi spot. When hadcluMl, tlu‘ youni;' turthvs innn(*di- 
ately s<‘(‘k the waten*, whin*i‘, liowi*V(w, th(‘y have almost 
as many bxss as on land : so that it is probable* only a 
V(‘iy small peiventaov ari*ive*- at jnatairity. Hu*, strength 
and w<‘i<i;ht of a full-^rown indiv idual a.r(* ve‘rv ^‘lU'at : one* 
eapturenl sonn* y(*ars a^o, on tin' coast oi* 1\‘nass(*i*im, 
re*(|uirine’ tin* ceunbiiKMl e‘froits of tei] or tw(‘lve men to 
<lra<;' it on to the beach. Idn* Jh'sh lias an unpl(*asant 
ilavenr, and is not, therefore*, p*n(*rally (‘aten. 

tb^'antic as is the existin<^ leatheiy turth*, it was 
Conside*ral)ly exce(‘d(‘d by sona^ of its (‘xtinet al)ie*s. 
Amono* tlu‘S(‘, the* huo-e fi’om tin* London (day, 

with a skull of ne*arly a foot in len^'th, a,])])ai‘(‘ntly had a 
caraj)ace consisting’ only of om* m(*dian row ol bj’oad-keeled bony ])la((‘s, and a 
bord(‘r of inar;^’inal bon<‘S : whih*. in /^srp/e>/>//ore^•, from tin* lii<i;hej* kioce'ne*. ajid 
Miocenes strata, of the (dmtinent, bedh u])]K‘r and lower shells ^\m fonne‘d of 
m()saicdik(‘, boin‘S, wliich, it is thought, we*r<‘ o\e‘i’lain by he^i-ny shields. In the 
earli(*r Trofosltujii and Profosplta tyi^y from the <.Vt‘tac(‘ons rocks e>f Moith Ana'i’ic.a 
and FiUro})e‘, the* u])per shell appears to have be*en I’epi’eseiited m(‘r(*ly ly a- row of 
mai’^’inal }K)m*s, while* the* lenver one Avas V(*ry stoutly ossitie*d ; some e>f these early 
forms pi’obably attaiin'el a le*n^th of frean lO tej 1 2 ie‘e.‘t. 



rilONT VIKW eu-' MilT HUMERUS 
or AN EXTIN(T LEATIJKHV 
TURTLE. 


The Sii)E-Nk(UvKI) Tortoises. 

Families (UieltJDA: ami PeloMEDU.^TTLE. 

In place of Avuthelrawin;^ the ht*ad into the shell l>y means y)t an S-like 
flexure of the* neck in a A'ertical plane, as in all the ^rouj)s hithe‘rtej ele‘scribeiel, 
the remainder of the liA’ing tortoises Avuth comph'te shells l)oiid the neck siele- 
Avays in a hea’izontal jdane (as shoAvn in the illustration on p. l)2), apel thus 
brin^ the luiad Avithin the niar^ins of the shell. Accordingly, the ^I’oup is 
collectively sj;)oke*n of as the sie](*-n<*ckeel tortoises, or Pleurodira. This character 
is alone amply sufficic'ut te) se*parate the group frenn the foregoing assemblage 
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*ol; S-necked or Cryptodiivin tortoises, but since there are also certain features 
by which tin; skulls and shells of the two jfrouj)s can bo identiiied, it is ini- 
portay* ‘that these should be noticed. As rof^ards the skull, tliis is distingui, shed 
in tlu! first place by the tym])anie ring surrounding the aperture of th(‘ ea)- .Ixdiig 
coniple*te, as may be seen by comparing the accompanying figure with the ime on 
p. 47, ami also by the circumstauct! that the lower jaw articulates b}’ means of a 



IdfWEU AND SIDE VIEWS (iK SKl'IJ, AND IMM’I.H \ND I.OWKTl ASPEfTS OF 1 OWE If .TAW OF 
(.’HEWED T(»UToi.sK. (From (irav, /Voc. Zoo!. >SVa'., 


kiioh-likc condyle witli a corresponding cavit-y in the (|na.drate-lK)ii(% whereas in the 
])re(*(‘dmo* group the jTositious of th(‘. condyle and cnp an^ reversed. The sh(‘ll, 
winch is always fully d(‘velop(Ml and forms a solid box, jn-esents the jx^culiarity that 


both the carapace and t]i(‘ liind(‘r 
])art of th(‘ plastron aj-(^ iniinovably 


welded to tlu‘ bon»‘s oF thi‘ pelvis; 
its up])er and lowei* niou‘ti(’s thus 
having a bond of union whicli is 
totaWy lacking among tla^ S-neeked 
tortoist\s. Further, the vci*tebi-;e of 
tlie neck are fui-nis]i(‘d with pro- 
jecting latai'al oi* transvej*.s(» pro- 
cesses, which are abscait from the 
latt(U' group. 

In addition to tlu'so absolutely 



FRONT PORTION OF THE PEASTUON OF A MDI'>NEC'KED 

tortoi.se, with the horny shields removed. 

The thu'k lilies indicate tin* houmlaries of the shields. 


chara*ct(‘risti(*. features, then^ art' cer- 
tain other points connectt'd with tlie anatomy of tlie sid('-necko<l tortois(*s wliich 
demand a ’brief notict\ With tlie exception of one species, wliich lacks horny 
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Hlii(‘l(ls on tho tlio \vhol(‘ of tln\s(^ tort()is(‘s aro clinractorist'd by the presence oE 
an ini<‘r^nliir (/.r/// ) shi(‘l(l between th(i two pillars ((ju) on the iVontol* tli(‘ j)lastroii ; 
sijch intia-^ular sliiehl b(‘in^, as we hav^e sec'ii, but V(‘ry i-an^ly pr(‘sent the 
S-n(‘c4v(‘(l nronp. Ah*iy i»’(‘iH‘raIly ainon^ t]i(‘ present assembhi^e one or more of the 
pairs of eostaJ bom’s of tlie caj*apaee may me(‘t in tlio middle line, owine- to the 
abs(ince of some of tli(^ nu'dian unpaired series of 


boji<‘s ; in certain (*ases tb(‘ w1k)1(‘ of tbe costals 
thus nuadiiii^, owine' to tlui abscaicci of all the 
neural bonces. \Vlua*eas, in om^ family of tlie 
^rou]) th(' ])lastron contains the same nine bon(‘S 
as in th(‘. sid(‘-JU‘cked toi’toises, iii a second family 
th(‘r(' ar(^ (‘l('ven bony elements in this part of 
th(‘ slu^l, owin^ to the presence^ of an additional 
(m(‘so[)lastra] ) ])air Ixdween th(i normal hyo- and 
hyiK)-])last]*al bones. 

ddui sid(i-neeked tortoises, of wliieh the p'(‘at 
majority may be includ(‘d in tlu^ two families men- 
tioned ab()V<‘, ai'(‘ all of fresh-water liabits, and at 
th(^ present day are (‘xclusi\^(‘ly ri^stricted to the 
South(‘ru H(‘mis])her(*, whil(‘ they ai*(j tln^ only 
members of tlie order found in Australia and N(‘W 
(JuiiK'a. Duriny the (‘arlier jiortion of the Tertiaiy 
period they extended, how(‘ver, into the Northern 
Hemisphere, and in the ])r(‘cedin<^ S(‘Condary perio<l 
were abundantly reprissented in Europe. 'Jliesi^ 
facts show that the ^roup is a vt‘iy ancient one; 
and by the pi-es(‘nce of the additional mesophistral 
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elements in the low(‘r lialf of the sh(‘ll of some 


of its re|)r(‘sentatives it is alli<‘d to a third and totally (^xtinct i^roup, which dis- 
appeared before the close of tlu*. S(‘Condaiy pcnlod. 

Matamata The (^xti’aordinary ri'ptile depieb'd in thci accompanying illustra- 

Tortoise. tion, and known as the matamata (Chelijs pi^ihriafd), is the typical 
n^presentative of the first of the existing families of the group — (TvLyiiUv. The 
various genera iuclud(;d therein are collectively characterised by liaving the normal 
nine bones in the plastron, by the lU'ck being incapable of complide retraction 
within the margins of the shell, and tin*, absence of a bony banjioral arch to the 
skull. Eight geiH'ra are included in the family, tlui range of which is riistrict^d to 
South America, Australia, and New Ouinea. 

The matamata, which is an American species inhabiting Guiana and Northern 
Brazil, aiul is the sole rejiresentative of its genus, is easily recognised by its broad 
and elongati'd neck, of which tlu^ sides are fringed with peculiar fimbriated pi*o- 
jections, and the depressed and triangular head terminating in a proboscis-like 
nose, and furnished Avith veuy small eyes. Not less characteristic is th(} equally 
depressed and much corrugated shell, in which the carapace bears three longitudinal 
ridges, subdivided into nodose protubcranc(iS by cross-valleys; the horny shields of 
the same being extremely rugose, and marked with deiq) radiating striae. The 
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vert(‘.bnil shi(‘l(ls nr(‘ broji(l(T tlinu lon;^*, nixl iho iiiarj^inals an' inon' or joss 

stron^I^" S(‘iT;iio(l, wliili^ lb(‘ro is a distinct iiuclaii sliit'ld on tlio- ii’ont oi the 

Cfirapjfr:(‘. (Jn tli(‘ n'liioval oi‘ the lioniy sliiel<ls from tlu‘ carapace, it is seen 
only the. last pair of costa.l bones meet in the mid<lle liiu', owin^’ to tli(‘ ])r(‘S(‘rfC(‘ of 
but seven m'ui'al bones. Tin' ])lastron is narrow and d(‘t‘ply notclu'd ])el)ind, tlie tail 
is very shoi't, and tlu? to(‘S ai*e fully webbi'd. In ad<lition to tin* i^)ws of iinToriated 
appcanhi^es on each side* of tlie neck, tlu'n* is a similar out^uowth ol skin on the 
chin and larger pah* of a|)p(mda^es above the ears. In colour the adult is uniform* 
l)rown, but tie' Voun^ an' pn'ttily marked with ban<ls of brown and yellow on tliC 
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chin* and ncc*!?, M’hilc, tin; .shell is ornamented with black and yellow spots. The 
species is of comparatively large size, the .shell attaining a length of 15 inches. 

Unfoi-tunately, but little is known as to the mode of life of thi.s strange tortoise. 
When in its native element, tlus warty appendagt's on the neck float in the water 
like some vegetable gi-owth, while the rugged and bossed shell strongly resembles 
a stone ; and it is thus probable that the whole appearance of the creature is 
advantageous either in deluding its enemies or in attracting to it the animals on 
which it feed.s— the latti'r being tbe more likely hypothe.sis. Although it appears 
that the nmtamata will occasionally eat vegetable substances, its chief food consists 
of- fi.sh, frogs, and tadpoles, some of which may probably be attracted within reach 
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by inistakinj^ ap])(‘n<la]i^<‘s on the iu‘ck for plants or animals on which tlioy fcnul.* 
The matamata is, howcviT, stated to captures souk*, of its 2>i’<^‘y ky swimming swiftly 
iyaon^ water-] >1 ants, diving irnnu'rliately tliat a iish or frog is s(‘izt*d in beak. 
Tn captivity this toi’toise is sluggish, frequently dying afh'i* a ftiW weeks thi*ough 
refusal to h'ed. 

Snake-Necked • The snakc-n(‘cked tortoises, of which there are two South Amei*ican ‘ 

, Tortoises. .sp(‘ej(‘S (Hi/d r<)inalHS(t 'max ihLilui n I and tecflfcra), agree w>tl» tlui 
inatamata, in tladr long necks and weak jaws, but dilfer in tludr smooth shell, tlie 
abs(‘ncc of a ])roboscis to tlaj nose, and the ])resenc(‘ of only four claws on each 
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foot — the matamata having fiv(‘ claws on the fore-feet and four on tln^ hinder*paij\ 
The flattened shell in the young state has an interni})ted mcMlian ridg(‘, and presents 
the unique |)eculiarity that the broad nuchal shield of the cara]>ace is })]ac(‘d behind 
tin*, first ])air of marginals (which conse(|uently med in the middle liiiiiq, and thus 
simulates a sixth vtu’tebral shield. The figured speci(‘s {If. which ]-ar)gi‘S 

from South(‘i*n Ilrazil to Buenos Aires, lias a sladl m(‘nsuring about (S inclu'S in 
length, and its f(‘et largely w(ibb(Ml In colour, the carajiace is rlark brown and tln^ 
plastron yellowish, with brown spots in the young; th(^ h(‘ad and n(‘ck being*olive, 
with a curv(‘d white stn^ak on each side of the throat, and a broader white band, 
edged with black, running along the sides of head and neck. 
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Nocturnal and carnivorous in tlicir lialuts, the snak(*-ncckod toi’toises appear 
to agr(‘e in tlieir mode oF Jih'. Avitli th(^ majority of fresh-water species. 

During the daytime they are ^(‘lUTally to be found lyin^’ aslticp on some diy spot 
near the water, witli tlie n(‘ck Inait on one side, and the liead, like tlie limbs'* and 
tail, retraett'd witliin the margins of the carapac(‘. When distui‘b(‘d, the Iiead and 
neck are, liowever, sliot out with maiwtdlous raj)idity, reminding tlfc observer of the 
sudden 'dart of a snak('. 

Australian Long- lii Australia and New (hiinea the place of the preceding group 
Necked Tortoises, taken ly anotlaT genus of long-necked tortoises, technically known 


as (^hrlodi n<(, tlie m(Mnb(‘i*s of which may be recognised by tlie presence of a 
normally placed nuchal shi(‘ld 


on th('. carapac(‘, coupled with 
the circumstance that tlu^ inter- 
gular shi<‘ld of the 
instead of being plac(;d b(‘tw(HUi 
the gulars, as in the ligure on 
p, 8h, is situaU‘d Ixdiind the 
latt(‘r, which conse(piently meet 
in th(‘ middle liiu;. Tin* V(‘r- 
tebral horny shi(dds aix' longer 
than bi'oad, and the whoh^, of 
the shields nanarkabh' fortladr 
(^xtremci thiniu'ss. On i*emov- 
ing tlui lattin* from the carai)ac(‘, 
it Avill be found that, owing to 
tlie absenc(‘ of neural bones 
all the pairs of costal bones 
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meet in the middle line,-- a p(‘culiarity shared with one American, and two other 


Australian gianaa oi tlu^ family. Idiere are four specic^s of these long-necked 
tortoises, thre(‘ of whicdi an^ found in Australia, while the fourth is Papuan, 
other Genera * addition to the foregoing, th(*re are four oth(‘r genera 

belonging b) the family umler considiu'ation, collectively distinguished 
by their shorter necks, the length of which is inferior to that of the back. Of 


these the. American Jlh i nrm If and an^ characterised by tlu^ 

narrow anterior extreanity of the lower jaw, and by the first vertebral shield of 
tlm cara])ac(i being wider than eitluir of the others. The s(‘Cond of these genera, of 
which* a mendVr is r(‘pr('sented in the accompanying figur(‘, is by far the most 
numerous in species; and is not(‘Worthy on account of b(‘ing represented by" a 
fossil sjK'cies in the EoceiKi deposits of India. The third giuius differs from the 
other two in the absence of neural bones to the carapace. On tln^ other hand, the 
two Australian genera — Evnjdura and Elsci/a , — both of which present the feature 
last mentioned, are distinguished by the broa<l antmaor extremity of the lower 
jaw, aiijl by the first vertebral shield of the carapace not exceeding the others 


in size. 


Greaved , The tortoises which ma_y be conveniently designat(‘d by a 
Tortoises, translation of their scientific title {Pod()ci(cviw)~i^o named on account 
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of the prL\senc(‘ of a pair of large sliiolds on tlui oniev si<le of hii)(l-f(K>t of the 
typical species — ]>rii)g ns to the s(‘eon<l family of tlui gi'oiip nii(l(‘r coiis'k [(‘ration. 
This family {Pdonudnsldiv)^ wliich contains tln*ee gen{‘)‘a, and is now conSined to 
Africa, J\ladagas('ar, and South AiiKU'ica, is l)roadly distinguished from tlu‘ last by 
having (4even (ilenu'iits in the ]>lastr(>n, owing in tlie ja'c'sence of a ])alr of imjso- 
plasti'al boJU‘s; AVhiK* ila‘ lua'k is com])letely retractihj within th(‘ margins of the 
shell. The skull ditfei-s from that of the pivceding family in luiving a. Ixmy 
’tem])oral ar(4i, as shown in tigure on p. 80; wliih^ it' lacks tlie distinct nasal 
bones g(‘nej‘ally hmnd in the former. 

Tlu‘. lai'gt'st and best known repjvsentative of the whole family is the giant 
Ama;:onian tortoise on es* 0 / 7 >na.sy/), which considerably t‘xce(‘ds in size all 
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other members of the entire group, having a shell which ma,y measimi as much as 
80 inches in length. It belongs to a genus including sev(Ui existing KSpecies, of 
which six ar 63 South American, while the seventh is an iidiabitant of IVIadagascar. 
Tliis extremely anomalous distribution is to some extent exj)lainod by the 
occurrencci of a fossil representative of the genus in the Eocene strata of India, 
which probably indicates that these tortoises were at 01 m time widely spread. As 
a genus, these tortoises are characterised by the skull having a roof ower its 
temporal region, couplcnl with th(3 presence of five claws on the fore-f(*-et, and four 
on the hinder pair, and likewise by the circumstance that the mesoplastral bones 
are small and confined to the edges of the plastron, so that they are widely 
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scpai'iitisil from ouo another iu the middle line. 'I'lie toes are broadly webbed, and 
the tail is remarkable for its extiaane shortness. 

Tlifi' figured s])ecios, which iiiluihits tropical Soutli America to the eastwards 
of the Andes, and is extriiuiely almndaiit in the uppt^r ])art of the- Ama/Oiiiau 
system,* has the shell cKpan<l(‘<l posteriorly, and mnch <l(‘])r(‘ssed in the adult, 
although at an earli(‘r sta^e it has a roof-like form. Tlu' chin is fui'iiisluMl with 
two snuill wart-likt‘ ap]fendao*(‘s ; and the liind-foot charact(‘i*ised hy tla^ j)rt*s(‘nco 
of two V(‘jy larn-t‘ shields on its onha* side. In c(jl()ur, the up2)er sludl is hi’own or 
olive, with darker* markings, while the plasti*on is yellowisli, spotti^d with brown ; 
the yonn^ beino* olive abov(‘- and yellow btau^ath, with some ytdlow spots on the 
head. All the otlnn* inemlx'rs t)f tlui ^vnus ar(‘ of greatly inft‘j*ior dimensions; a 
second Amazonian s2>(.‘ci(‘s i^P. S(\vit\hevcnln 1 ((^, liaeini^ a shell of scarcedy more than 
a foot ill leiiii^th, and Irein^ distinguished from its larger relative by tlu^ jjrt‘sence 
of only a single wattle^ on tire chin. 

The best account ot* tlui habits of these tortoises is th(‘ oni* oiven by Humboldt, 
who speaks of the larycj S2)eci(‘s hy its native name of arraii. On th(‘- Oi'inoco, 
according to this account, the pm-iod of ei»2;‘dayin^* coineid(*s with that of the 
lowest h'-vel of the waters of the river, or fi*om the tanl of daiiuary till the latter 
part of March. Diirin;^* January the tortois(‘S collect in troo])S, which soon huive 
the water to bask on the warm ba.idvs of sand exposiwl by the lowering* of the 
riv('i*. -Ph I'ou^’hout F(‘bruar*y tiny may be found on such banks durin^^ th(‘ greater 
part of the <lay ; but early in March the s(‘veral ti*oops collect in larger bodi(‘S, and 
then make their way to th(‘ com] ra rati vely b'W islands where tire eggs are 
habitually dt'])osit(‘d. At this timi‘, sliortly luTorii tlie <‘gg-laying commences, 
thousands of the ioi-toises may be- S(‘en ai*i*ang(Ml in long strings around the shonrs 
of the islands in (piestion, stretching out their necks, and holding their necks 
above water, in ordca* to s(m‘ wh(‘th(‘r there is anything to ])rev<‘irt thidr lairding in 
saf(‘ty. As the ci'eatures are (*\ceedingly tinrid, aird (bs^a^cially averse to the 
jiresiaice of liuman beings or boats, thi^ Indians, to whom the harvest of tortoise- 
eggs is of the utmost im])ortairce, take every 2>r(‘caution to ])n‘vent them being 
disturb(‘-d, jioj^ting sentinels at intervals along the banks, an<l warning all passing 
boats to keeji iu tlui middle of the riv(u\ Wh(*n the tortoises have landed, the 
laying of the eggs takes jJace at night, and begins »soon after sunstd ; the females 
digging hoi (NS of some three feet iu diameter and two feed in dejdh, by the aid of 
their powerful hind-limbs. 8o great is the contention foi* space, that one tortoise 
will frequently make use of a pit dug by a neighbour, and in which one set of eggs 
has' already been de^iosited, although not y(d covered over with sand; two layers 
of eggs thus occu2)3dng one area. The crowding and jostling of the rcjdiles 
necessarily leads to an immense nunibej* of eggs being Imoken, which is estimated 
at a lifth of #1116 whole; the contents of the fractunMi shells in many jdaces 
cementing the loose sand into a cohen^nt mass. The number of tortoises on the 
shore during the night being so large, many of them are unable to conq:)lete the 
work of <5ygdaying before dawn; and these belated individuals become quite 
insensible to danger, continuing there even in the presence of the .Indians, who 
repair to the spot at an early liour. 

The great assemblage of these Chelonians takes 2)lacc on one particular island 
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in the Orinoco, hence known as the Boca do la Tortuga ; and according to native 
accounts, no other si)ot is to be met with on the river from its moutli to its 
Junction with the A])nr(s where eggs can be found in abundance. On the' island 
in question, tlu*- numbisr of eggs deposited is enormous ; a large stretch of smooth 
sandy beach being underlain with an almost continuous layer. To determine the 
position and extent of tlio deposit, a long pole is thrust down at intervals into the 
sand; tlie suddtm want of resisttiiicc to its descent proclaiming when the loose 
layer containing tlie eggs has ])een reached. Accoi*<ling to Tneasureimnits taken by 
Haml)oldt, th(‘- stratum extended to a distance of onci hundred and twenty feet from 
tlu^ water, and averaged three fec‘t in deptli. Tlui wdiole is regularly parcclhul out 
among the Indians, who proceed to work the layei* with th(i regularity of miners. 
The earth having been removed, the eggs are carried in small baskets to the 
neighbouring encampment, wlujre they are thrown into long wooden troughs of 
water. Here they are broken and stirred up with shovels, and the mass then left 
in the sun till all the oily matter has collected at the surface, whence it is 
continually ladled ofl* and taken oiY to be boiled over a (piick lire. The result of 
this process is a limpid, inodorous, and scarc(‘ly ytdlow substance, known as “ turtle- 
butter,’* which can b(i us<-d for much the same purposes as oli\'e-oil. In spite of 
the enormous quantity of eggs thus taken, imrnbers are hatched, and Humboldt 
saw tlie whohi bank of the Orinoco sw'arming with small tortois(‘s of an inch in 
diameter, that escaped ordy with difficulty from the pursuit of the Indian children. 
All these tortoises are ^agetable feeders ; and the hmiah'S gtu^atly (^.xcee<l the inah's in 
size. On the upper Amazon tlai large spi*cies, according to r)at(‘s, is caj)tur(Kl either 
by means of nets or by shooting with anxnvs. On such occasions, aftm* the n(‘t is 
S(^t in a semicircular form at one (.‘xtremity of a pool, the n^st of tla^ party spi*oad 
themselves around the swamp at the opposite en<l, and begin to beat witli polos in 
order to drive the tortoises towards the middle. This proccsss on the occasion 
referred to “ was continued for an hour or more, the beaters gradually drawing 
nearer to each other, and driving the hosts of animals before them ; the number of 
little snouts constantly poj)ping above the surface of the water showing that all 
was going on well. When they neared tlui net, the men moved inore quickly, 
shouting and beating with gi’eat vigour. The emds of tla^ net were then seized by 
several strong hands and draggcul suddenly forwards, bringing them at the same 
time together, so as to enclose all the booty in a circle. Every man now leapt into 
the enclosure, the boats were brought up, and the turtles easily capturc^d by the 
hand and tossed into tliem.” Altogether, about eighty individuals wei*c captured 
in the course of twenty minutes or so. In shooting tortoises, the ftrrow eihployed 
has a strong lancet-shaped steel point, fitted to a peg whicli enters the tip of the 
sliaft. To the latter the peg is secured by a hank of twine some thirty or forty 
yards in length, and neatl^^ wound round tlie body of the arrow. ^Wlen a tortoise 
is struck, tlie peg drops out from the shaft, and is carried down by the diving 
animal, leaving the latter floating on the surface. Tluu'eupon the sportsman 
paddles up to the arrow, and proceeds to play ” his victim until it can bb drawn 
near to the surface, wdicn it is struck with a second arrow, after which, by the aid 
of the two cords, it can be safely drawn ashore. In many villages on the Amazon 
every house has a pond, in which a number of these tortoises are kept for fooii. 
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Allied Genera, 


Hy Biver Turtle. 


The other two genera of the family — Peloniedusa and Steno- 
differ from the first by the absence of a bony roof to the 
tempoiul region of the skull, and likewise by the presence of five claws in both the 
front and hind-feet. Whereas, however, the former has the mesoplastral elements 
of the plastron small and similar to those of the greaved tortoises, in the latter 
* they are as well de^'eloped as the other elements of the plastron, meeting in the 
middle* lir^e. Pdomcdnsa is represented by a single species common to Africa 
and Madagascar, but of the six species of Sfe'tmotherns, five are exclusively African, 
while the sixth inhabits both h^steni Africa and Madagascar. The right half 
of the upper shell of one of the species is represented on p. 90. 

A remarkable Chelonian (Careftochdys inf<cul 2 ^t(i) from the Fly 
River, New Guinea, differs from all other members of the group, in 
the absence of horny shields on the sliell and the conversion of the limbs into 
paddles, each of wliich carries but two claws. The neck is not retractile. In the 
carapace there are six very small neural bones, which are not in contact with one 
another, thus allowing each pair of costals to meet in the middle line; and the 
plastron has only tlic usual nim^ l)<)iies. A wavy sculpture ornaments the whole of 
the external surface of the sliell, which attains a length of about 18 inches. The 
hesad is large, and the tail relatively short. The species, which represents a 
separate family {Cdretfochel yidm), is still very imperft^ctly known; and it has 
been sugg(isted that it does not belong to this group at all. It is not improbable 
that a chelonian (Hem ichcli/s), from the Eocene rocks of India, indicates a second 
member of th(^ same family, as its shell was similarly devoid of horny shields. 

Australlaa Probably the most aberrant members of the whole order wei’c 

Homed Tortoises, certain gigantic tortoises (Jfiolavia) from the superficial deposits of 

Australia, charaettuased by the presence of 
several pairs of horn-like x>i*otuborances on the 
skull, and also by the investment of the tail in 
a bony sheath, recalling that of the armadillos. 
Unfoi'tunately, the shell of these strange reptiles 
is known only by fragments; but, from the 
conformation of the bones of the feet, we arc 
enabled to say that they wei‘e terrestrial, wdiile 
the structure of tlie palate indicates that they wore herbivorous. They clearly 
constitute a fourth family (MiolaniiJa'^ of side-necked tortoises. 

Eartijict Europeaji Secondary rocks of Europe contain tlie remains of a number 

Gedera. of extinct tortoises which may be referred to a fifth family (Plesio- 
I chelyidai) of the grouj). While agreeing with the existing C/ielyuke in having 'but 
nine bones in the plastron, these extinct forms differ by the much greater thickness 
of their shell!;;, and also by the circumstance that only one of the lower bones of 
the pelvis is welded to tlie upper surface of the plastron, whereas in the existing 
families both are thus united. Abundant in both the Oolitic and Wealden rocks, 
the majority of these tortoises are referred to the genus Plesioch£ly,% although 
some, as the one of which the carapace is represented in the figure on the next page, 
are separate^l as Hyleeclielys, being distinguished by the enormous width of the 
, vertebral shields, in which the breadth may be three times the length. Nothing 

^ VOL. V. — 7 



FRONT VIEW OF SKULL OF JIOHNEO TOUTOISE. 



98 


TORTOISES AjVE TURTLES, 


approaching this conformation is to be met witli among living representatives of 
the order. 

• Generalised Cei'tain extinct tortoises, such as TlcwrosM'num focm the 

Clftlonians, Purbeck Oolite of Swanage, and Baeva of the Eocene rocks of the 
United States, indicate tlie existence of an extremely generaiisiMl group of the 
order Ami)hichBydia, pres(‘iiting many characters comiiKjn to the existing 

S-necked and Side-neck(‘d 
grou})S, and whicli may have 
been the ancc^stral stock of 
botli the latt(‘r. All have 
eleven bones in the plastron, 
owing to the prc\sence of 
mesopl astrals, and an iiiter- 
gular shield, Imt the pelvis 
may or may not be connected 
with the jdastron. In the 
first of th(5 genera named, 
the mesoplastral hones extend 
right across the shcdl to meet 
in tlio middle line, and one 
of th(‘ boiu‘s of the pelvis 
articulat(‘s to a smooth oval 
facet on the jdastron. On 
the oth(ir hand, iii the secoml 
genus, the nu'soplastral bon(‘s 
aj*e incom])l(‘t(‘, as in the 
existing greava^d tortoises, 
and tliere is no union betweem the ptdvis and the plastron. Since it is proha])lo 
that the plastron of the Cholonians has originated from a system of abdominal 
ribs similar to tliose of the tuateras (('hapter VI.), it is interesting to notice that 
these generalised tortoises had a larger number of plastral elements than are to 
be found in the majority of the existing representatives of the order. 

The Soft-Tortoises. 

Family TniONrcilWyE. 

The last group of the order comprises the soft river-tortoises, now confined to 
the warmer regions of Asia, Africa, and Nortli America, but which, during the 
middle portion of the Tertiary period, appear to have been extremely abundant in 
the rivers of England and otlier parts of Europe. The whole of tliese tortoises are 
included in a single family which forms a group of equivalent value to the S-necked 
and Side-necked sections ; and it is not a little remarkable that while* in the 
greater part of their organisation they approximate to the former group, in certain 
features connected with the skull they come nearer to the latter. The most 
striking peculiarity of the soft-tortoises is to be found in the nature of their shells, 
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which are covered with a raised sculpture of variable form, and arc quite d(‘void of 
horny shields. The lower shell, or plastron, is always very imperfectly ossifi(id, 
and cow^plt'dely separate from the cara])ace ; while the carapace novtu* has a complete 
series of marginal bones, and pass(‘s at its borders into a soft expansion of *>kin, 
from whudi the name of tlie group is (h'rivcul. Tf marginal bones occur at all, 
they are conllmMl to the himl(‘r border of tlui slu^ll, and are uncminected with the 
ribs ; leaving, in fact, nothing in common with tlie bont's so named in other tortoises, 
and being doubtl(‘ss of indepc^mhait origin. In bdng unconnected with the jdastron,* 
the pelvis resem])les that of tlui 8-n(‘cked group, and the head is retracted by a 
similar S-lil<(‘ fle^xure of th(‘ lU'clJ in a vertical plane. In regard to the mode of 
articulation of tlni lower jjiw Avith tlici skull, and liki^Avise in th(i presiuice of a 
notch in the liindei* l)onl(‘r of its tympanic 3*ing, the soft-tortoises again resiuiiblo 
the group last m(‘iition(‘d ; although in the gcmeral form of the skull and the 
conformation <jf the ])alat(^ they come nearer to the Sid(^-necked groujA. A distijic- 
tive peculiarity of th(‘ sk(‘leton is to be foujid in the pnisence of at least four joints 
in tb'‘ foin-th toe of i‘ach foot. J^]xternally, th(‘- soft- tortoises are characterised by 
tlieir long necks, AAdiicb, togi'tbor AAuth the h(‘ad, can be comph‘t(‘ly witbdraAvn into 
tlui shell, and also by tli(‘ proboscis-like snout, and the thick Heshy lips conctailing 
th(‘. Jaws. '^FIk^ ear is completely concealiMl ; and each foot, as indicated by the 
scientific nanu'. of tin* group, has but three chws, Avhich are borix^ by the thro6) 
inner toes. As a. rul(‘, the colour of tlu^ skin is greenish oliv(‘, with yellow OJ* 
orange si>ots, passing into stivaks on the under surface of the liead ; while some 
species liaAa^ a f(‘W much larg(‘r (‘y(vlik(‘ spots on the back of the shell. 

„ . Although the avIio1(‘ of the soft-tortoises nnt includt‘d in a single 

Typical Genus. « ® 

lamily, tlxy are arj*anged in six distinct gcuu'ra, three of which are 

nearly allied to oix^ another, as art^ likewise the reinainiiig three among tliemsdves. 
Tli(' first and largest gmms, 7V‘/on7/.r, contains fifteen living spcx'ies, with a distribu- 
tion coextensive Avitli that of the family. These, are, charactt‘risod by the absence 
of a fold of skin (m the hinder pari of tlio under shell, beneath Avhicli the leg may 
he conc(‘al(Ml, b}' ilu‘ sculpture on the shell being giaim'ahy in the form of Avavy 
raised lines, "iind by the by(j- and hypoplastral boii(‘S of ibo loAver shell remaining 
distinct from one anotheu'. In tlie skull, as sboAAii in the figure on p. 89, the 
sockets of tlu^ (‘yes are jilaced relatively far back, and Avid(‘ly s(‘parated from the 
ap(‘rturo of the nose. Among the b(‘tt(u*-kiioAvii siiecu‘S Ave may mention the 
Gangetic soft-tortoise {T. <jn iioav confimM.! to the river syst(‘in fi'om which 
it takes its name, l)ut formerly found, as shown hy fossil spi^eiiiiens, in the 
Narbada; tho length of the shell and fh'sby disc I’eacbing as much as 2 feet. 
Like all the Old World re^preseiitatives of the g(*nus, this species has eight pairs of 
costal bones in the ca)*apace; while it belongs to a subg)'oup characterised by 
having tAA^o ucuiral bones betwecui the ti)*st ])air of costa-ls, and l>y the absence of a 
pronounced ridge in the middle of the upper surfaces of the, extremity of the loAver 
jaw. The soft-tortoise of tlu‘, Nile {T. lrinn(ju'is), ranging over Africa ami S 3 nia, 
and aUaiiiing still larger dimensions, belongs to a s('cond subgroup, distinguished 
l)y having onl^- a single neural Ixmo botweiiu tlie first costals; Avhile Pliaju'e’s soft- 
tortoise (T. phayrei), of Burma, juay be taken to represent a third section differing 
from the last by the presence of a median ridge in the front of the lo Aver jaw. On 
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the other hand, all the Anierican soft-tortoisew, of whicli T, fevox is a well-known 
exainpl(% difi*er hy liavin;;- only seven pairs of costal hones. Nuiiieroiis representa- 
tives of the gemis occur in the Miocene and Eoe(‘n(i strata of Euroj)e, aS'.well as 
in the Tertiary rocks of India and the United States. Two otlun* members of 

the first subfamily, confim^d to Asia, 
n^present as many genera. Of tliese 
Cantor’s soft-tortoise {Pdoehelys can- 
tori), from India, Burma, and Malayana, 
lias the sockets of the eyes place(l 
more* anteriorly than in th(^ type gtmus. 
This forward position of thi^ eye-sockets 
is still more*. mark(.‘d in the much elon- 
gated skull of the ^r(‘at Indian chitra 
{i^hilra indica), wla^re tluy are placed 
clos(^ up to the nose. 

Granulated Soft- The three n mi mining 
Tortoises. ^-(‘nera, of th(‘ family ai*e 
charaeteris(‘d ])y th(‘. sculpture of Urn 
sh(*ll generally taking th(‘ form of small 
pustules, and thus ]*(‘siMiibling shagr(‘en ; 
wliile the hyo- and hy])()])lastral bones 
of the low(‘r shell a-re unit(Ml ; an<l tluM-e 
is a flap of skin on each siile of the under 
surface, Uuieath which the, hind-limbs 
can ])e concealed. All i]\a forms ai*e 
confined to tlu^ Old Woi'ld ; and while 
one of the three genera is Indian, the other two are Afj-ican. Th(i Indian giMius 
ILnydit is J’eadily characterised by the 2n’esenc(‘ of a comphde series of neural 
bones in thcj carapace, coupled with a s(Mnicircle of marginal bones at its hinder 
extremity. In neither of the thriM^ living s]H*cies do(‘s the length of the slu‘ll and 
its soft disc exc(H*d 10 inches, Init much laj*g(M’ fossil forms are found in the 
PlioceiKi rocks of India. Both the African genera lack mai’ginal bon(‘S, but wlnux^as 
in one ((^yrIodcri}a() there is a full series of lUMiral bones to th(i carapace, in 
the other {(Ujela norhil) these form an incom])lt‘t(‘. and interi-upted scmmcs. 

All the soft-tortoisi‘s are thoi*oughly aijuatic, most of them but 
rarely halving the water exc(ipt for the purpose of laying their eggs, 
and in consequence of these habits very little is known as to tlnar mode of life. 
Although confined as a rule to rivers, a few of the specii^s fre(|uent (‘stuaiies, and 
Cantor’s soft-tortoise has been found some distance out at sea. Occasionally, 
again, speciiiuMis of the Indian granu]at(*d soft-tortoises have been met with 
wandering on land far from the maghbourhood of water. Fiercer and more 
spiteful than any other members of the Chelonian ordcT, these tortoises, owing to 
a peculiaritj" in the structure and mode of articulation of some of the*, vertulme of 
the neck, have the powcir of darting out the head with inconceivable rapidity, 
the great Indian chitra facile j>r in in this respect. Owing to this habit 

the larger species are dangerous creatur(\s to approach incautiously, as their bite 
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is very sevcjro; cand tlio natives an^ not unfretpeiitly bitten by them in India and 
lUirma ^wliilst bathing. All the m(‘mbei*s of the typical genus, tog(‘tlier with 
(^laritoT’^s soft-tortoise and tlu' cldtra., are known to be carnivorous, and \t is 
commonly b(di(‘ved that tlu' sanu' is th(‘ case', with the other memljers of the group. 
According, however, to ])r. J. Anderson, this is incorrtK^t with i*(‘ga]*d to the 
granulated soft-toi'tois(\s of India,, which h(‘ ex])ressly statcjs to be exclusively 
vegetable an<I grain -f(‘(‘d(‘rs. lai-ger spr(!i(‘s ])robably iVed l)oth on fish and' 

other a<juatic animals, and on th(‘ ih^sli of such carcas(‘s as may ])e floating in the 
rivers tiny inhabit. ]n con-i^h^tion with th(*ir asserted herbivorous habits, 
the small granulated s]^(‘ci(^s do iiot snap and bite aft(U* the manner of their 
larger cousins. On shor('., according to th<‘- observer last mentioiuMl, when left to 
themselv(‘s, these species will slowly and cautiously (‘xt(md their luicks, and when 
ap])roach(‘(l, inst(‘ad of attianpting to escajn?, withdraw rapidly into tlnur shells, 
of which th(^ U])])(‘r and hnver ant(‘rior margins then meet. It is stated that all 
th(‘ s[)ecies a]'(^ chielly nocturnal, rianaining during the daytime partially or 
coin]detely ])uri('d in the mud at the bottom of the water, and not beginning 
to swim till sundown. Such sp(‘ci(‘s as inhabit marshes or swamps, liable to 
be dried up during tlu^ hut S(‘a,son, bury th(ans(*lv(%s in the mud, at no great 
<l('pth below the surfac(‘, dui-ing th(i period of drought. As these tortoises 

are known i,o rcanain frecpnaitly for a period of fioni two to ten hours, ami 
occasionally a,s much as iirt(‘en hours, beneath the wat(‘r, without coming to 
the surface to breath(‘, it is obvious that tiny must have some s})ecial means of 
oxyg('nating tladr blood. Ft is probabh*, indeiMl, that c<‘rtain filannuitous 
app(‘ndag(\s of ib(‘ jnucous nnunbrane of the throat found in th(‘se tortoises 
subserve tlu‘ otlice of gills, and thus enable the blood to be ]‘eno\ated 1y means 
of th(‘ atmos})lu‘ric air dissolved in the water they inhabit. With regard to 
th(‘ij‘ bree<ling-habits, it a])])ears that the females of the granular shelled spt‘d(^s 
scrap(\ a shallow hole in the mud, in which the eggs are laid and then carefully 
covered up, the eggs tlnuiiselves being round, and about an inch in diameter. 

• 

The Plesiosaui{S or Loxo-Necked IMarine Lizards. 

Order Sauroptervcha. 

Strikingly dilfenmt in apptMirancii as are the sk(‘l(‘tons of the members of the 
two gi'oups, it a])]>ears that, on the whole, the nearest allies of the tortoises and 
turtles^ are tlujst) (‘xtiiict rcptih\s known as plesiosaurs, or long-necked marine 
lizards, whose rang(j in time embraced the whole of the gr(‘at S('Condary period, 
during which were deposihul the vast S(‘ries of strata exbmding from the Chalk 
downwards thixmgh the Oolites to the Lias and Ti'ias. These, nptilcs agree with 
the tortois(‘s in that all or nearly all of the ribs of the back are articulated to the 
V(*rtebr«‘e by single heads, an<l in the absence of hook-like (uncinabO processes to 
the ribs, as well as in the want of a breast-bone or sternum. In the skull the 
quadrak'-bomj is immovably fixed, and the palate more or less completely closed. 
Both groups have the lower bones of th(‘ pelvis expanded into large flat plates, 
and there is also a similarity in the structure of the bones of the limbs. 

^ ‘Whereas, however, the tortoises liave the upper surface of the Lody covered 
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with a shell, and the lower aspect of the same protected by a plasti’on, the 
plesiosaurs W(n*e (‘utirijly nak(id, the plasti’on ludng i’(‘pivs('iited by a uunierous 
series of abdominal ]-ibs, each comixjsed of three pi(‘ces, formin^^ a forwardly- 
direct(jd aii^h\ Th(i skull difiers from that of the crocodih^s in having but one 
(lower) temporal arcli ; and the jaws an^ funiislaul with a numb(‘r of pointed and 
grooved teeth, implant(*d in distinct sockets; one of such tc'eth being figured 
.011 p. 5. Tlie iH'ck was generally much elongated, and its vertebrre difiia* from 
those of crocodil(‘S in that their ribs which may have ('itlu^r single or double 
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heads, are articulated only to the body of each vertebra (as shown in the accom- 
panying figur(‘); those of crocodiles always having two heads, of which the 
lower is articulated to the body, and the upper to ih(^ arch of thi^ ^•(‘l•tebra. 
Throughout tin* backbones the bodies of the vert(‘bra3 lun e (‘itla^r m'arl}" flat or 
slightly cuppi'd articular surfaces; and in the region of tla^ back (‘ach pair of ribs 
is articulated to a proci‘ss arising r»*om the arch of each vertebra, instead of 
from a facet ])laced at the junction of two V(*rtebr{e, as in tlit‘ tori()is(‘s. Althoimh 
there are other interesting feature's in these rejitiles, those meiitiom'd distinguish 

them from ci'ocodiles and dinosaurs on 
the one hand, and tortoist'^i and turtles 
on the other. 

With regard to the various groups 
into which the oi'der is divided, it may 
be mentioned that in the tyjiical forms, 
constituting the family l^lcsiomuridw, 
the limbs, as shown in tin; figure on p. 102, 
are converted into flattened paddles, with 
a shorUming of the bones of the upper 
segments, and an increase in the number 
of bones corresponding witli those of the 
toes of ordinary reptiles. In the true 
plesiosaurs (PlcMiosaarus) of the Lias, the 
ribs of the neck were articulated to the vertebi-ie by two heads ; whereas' in the 
later cimoliosaurs (CymoUomurm) of the Oolites and Chalk, such ribs, as shown in 
the figure of a neck-vertebra, were single-headed. Some of tluise creatures were 
of huge size, attaining a length of between 30 and 40 feet ; certain of the species 
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from the Cretaceous strata having a neck much exceeding the bodj^ and tail in 
length, and containing as many as forty vertelme. Marine and carnivorous in 
their habits, these formidable cr(iatur(‘s pi*obably lurked in shoal-water, from 
wlience they darted their long necks to seize passing fishes in their jaws. 
In the groups mentioned the head aviis comparatively small, but in the huge ‘ 
pliosaurs (Pliosaariis) of tlui upper Oolitic strata the skull tvas of enormous 
size, attaining in soni(‘, instances a length of G feet, and the neck proportionately! 
short and thick. Tlieir 
teeth liad more or less 
ti’iangularcrowns,and 
in SOI 1 1 cases , i nc lusi ve 
of the root, measured 
(juite a foot in length. 

As is tli(^ ease 
with ad the higher 
aq uatic Ve rt( ‘1 crates, 
there is evid(‘ne(‘ to 
sliow that the plesio- 
saurs wei*e originally 
deiived from land 
animals ; tlic^ ]*c‘pre- 
s(‘ntatives of the 
gi’oup found in the 
earli('r (Tidassic) 

St‘Con(hiry roc'ks hav- 
ing limbs d(‘parting fuont and sidk-vikws of a neck-vkrtebra of a rLKsiosAUiuAN. 

muell 1(‘SS wid(‘ly I roiil anterior ainl imsterior articular suri'aces of tlie arch ; co, rib, 

tlje ordinary ty})e, 

and Inairing claws at tlie extremities of their digits. In the small lariosaur, wdiich 
m(‘.asur(Ml about a yard in haigth, th(‘ limbs appear to have b(jen somewliat 
iutt‘rm(‘diat(‘ in sii'ucture between the clawdess paddles of th(‘ true plesiosaurs 
and those of mor(i ordyuiry rtqitiles; and tin*, cnaitures were' pi'obably amphibious 
in their habits, spending part of their time on land, and part in the water. In the 
allied uothosaurs and simosaurs the limbs Avere better adapted for walking, from 
which we may inf(;r that their owncu’s were still more terrestrial in their habits. 




rrrER aspect of the skeleton op the lariosaur, a small plesiosaurian. 



CHAPTER IV. 


ScALEu Reptiles — Lizards akd CirAM.®LEONS, — Order Squamata ; 
Suborders Lacertilia and RiiiPTOCii.ossA. 

Altjiougji ill popular laiigua-ge ilie term lizard is applied to aiiy four-legged reptiLs 
(‘xclusive of turtles and crocodiles, in scientific usage it is nion‘ conv(‘nient to restrict 
it to those raeirdjers of the great group of scaled r(‘j)til(‘S which do not conic undee 
the designation of either chamadeons or serpents, whether th(‘y are ])ro\dded whli 
logs, or whether they lack those useful appendages. Formerly, indiMMl, lizards and 
chainuileons werii regarded as constituting an oj'der by thenis(‘lvt‘s (piite apart frr>ni 
serpents, but the two groups are now known to be so intiniait‘ly conneetcHl as to 
render any such division inadmissible; and tliey are accordingly here placed in a 
single order, known as scaled reptiles, or, technically, S(]uamai.a. Structurally, this 
ordinal group did'ers very widely indeed from any of thos(‘ hitherto ti*(‘ated, and as 
it is essential to gain a correct idea of such structural dilierencjcs, they may first bo 
taken into consideration. 

Skull Taking their name from the coat of oveidapping horny scales 

with which they are generally invest(‘(l, tln^. scaled reptiles are 
primarily distinguished from all the foregoing groups by tlu* circumstance that the 
ipiadrate-bone is more or less movably articulattal to the skull, and has its lower 

end projecting freely therefrom, instead of Ixdng immov- 
ably wedged in among the other bones. To this primary 
point of distinction it may b(‘ addixl that the lower 
tiunporal arch of the skull is wanting, so that there is 
no boii}^ bar conm'cting the low^j* end of the (quadrate- 
bone with the U])per jaw, as th(‘re is in th(i crocodiles ; 
thi'. absence of this bar being w(dl shown in the figure of 
a lizard’s skeleton. Then, again, the ])alate, instead of 
being more or less completcdy roofed ovx*r by bone, is 
largely oj)en, its bonc;s taking tlie form ‘of long'" bars. 
In some lizards, as in the one of which th<^ skeleton 
is figured, the uppel* surface of the skull is covered 
by bone, so that the temporal fossm' ani roofed 
over. 

RiDsand AriothcT impoi’tant feature of the order is to be found in the 

Vertebra. circumstance that the ribs in tlio region of tlu^ liack are single-headed, 

and are articulat(‘d to the backbone by means of a facet ((/) situated on tlie body 
of each vertebra. This feature at once distinguishes the order from the crocodiles 
and dinosaurs, in which the ribs are two-headeej^ and in the back articulate to a 
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long process arising from ilie arches of the vertebra^. ; from tlie tortoises, where the 
single-l^Qaded ribs articulate at tlie junction between tli(^ bodies of two vertebrae ; 
and freJm the ph'siosaurs, in which thi* single-headed ribs of the back are articulated 
to processes or facets on the arches of tlie vertebne. In most of the members of 
the ord(ir the body of eacli v(‘rtebra has a cup in front and a liall behind, by which 
it articulat(‘s with the adjacent S(‘gments of the column— an arrangeimuit paralleled 
among* modern crocoililes. In siane lizards, and in all snakes, the vertebra), as) 
shown in the figure on p. (i, have additional surfaces on their arches for mutual 
articulation, thus communicating awlditional flexibility, and at the same time strength 
to th(‘. backbone. 

Anoilun' inniortant feature in wliich the order differs from all 
other Characters. . . 

the prc'ceding oikss, is the absence of any system of true abdomiiifil 
ribs, or of tlun'r (‘(juivalcnt, a ])lastron, on the iiderior surface of the body. AvS 
regards the teeth, these differ from those of the orders hitherto considered in that, 
instead of being implanted in separate sockets, they are lirmly soldered to the bones 
of the jaw. In sonu^ cases they nm attacluMl to the v(wy summit of the jawboni's, when 
the dentition is sahl to Ix' (ivrt)(hn)t\ while in others they are affixed to one of the 
side-walls of the. free edges of the jaws, the i)lcv rodoiit being then employed. 
Another di\'ergenct‘ from lioili crocodil(‘s and tortois(‘s is to be found in the v'ent 
o])(‘ning by a iransversi^ apeidii re, whenais in the, former group it is longitudinal, 
and in the laf i(‘r (‘ither circnlar or longitudinal. Finally, in those forms in which 
the bones of tlu‘ chest attain their fullest development, iluM*e is a Imaist-hoiie or 
st(‘riiuin, a pair of collar-hones or clavicles, and a median T-sha))ed iuterclaviele. 

Special ^ihovi' heing the leading charact(‘rs of the entire order of 

Characters of scaled iH'ptiles, it remains to consider lunv the lizards (Lacei’tilia) are 

Lizards. distiiiguish(‘d from the other two suborders into which the 

existing memlxws of th(‘ assemhlage are divided. Extiuaially, by far the greater 
number of lizards are four-limbed reptiles of a croco<.lil e-like appearance, with the 
head, n(‘ck, body, and tail well distinguislied from one another, and if we had these 
alone to deal^witb, thei*e would be no soi*t of diilicidty in distingiiisliing between a 
lizard and a snake. 1li(‘ matter is, liowever, s()mt‘what complicated by the circum- 
stance that certain lizards, like the familiar slow-worm, lose all external traces of 
limhs, and assume an e]()ngat<*<l snake-like form, with the head passing imperceptibly 
into the body without tlu‘ intervention of a distinct n(‘ck,and without any external 
iudicati<m of whei’c tlii^ liody ends an<l tlie tail commences. Externally, such snake- 
lilg.) lizards are vm-y difllcult to distinguish from snakes, but on opening the months 
of the formt.‘r*it will he found that the tongue cannot be withdrawn into a sheath 
at its base, as is always the case with the latter. Further lielj) in discriminating 
betw(‘on the two is aflordi'd hy tlie circumstances that wherc'as snakes have neither 
eyelids nor (‘^tei’iial ear-opiaiings, both these are usually, althougli not invariably, 
present in the limbless lizai*ds. As additional distinctive features of the present 
group, by means of which they can be distinguished both from snakes on the one 
liand i4id from chaimeleons on the C)th(‘r, the following points may be noticed. Iix 
all lizards the two branchtvs of the lower jaw are united at the chin by ineaiis of a 
bony suture*; while in all the species furnished with limbs collar-bones are present; 
and wdicri the limbs are absent, some traces of the bones forming what is known 
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as the shoulder-girdle persist. Tn form the tongue is flattom'd, and, as already 
said, cannot he withdrawn into a basal sln‘ath, although such a sheath may he 
pr(‘Sont. In most of tlu* memlun's of tlui suhordcu- tlu^ u})per surface of the body is 
clotlied with the ov(*rlap])ing scales characteristic of iht^ ordei* in gtmeral, these 
scal(‘s })oing in some cases underlain by bony plates; but in most geckos the upper 
scales are granular, although sometimes juxtaposed. 

[ Numbers and Xunifn-ically, lizards are by far th(‘ most abundant of all reptiles 

Distribution. pr(‘sent day, the total number of s])ecies not lalling far, if at 

all, short of one thousand seven hundred, which are arranged undm- twenty distinct 
families. In this abundance at the present day, coupknl with tlu^ s])ecialised 
features of the greabir part of their organisation, lizards may be regarded 
as occupying a vtay similar position in the reptilian class to tliat held by the 
p(‘rching birds in the pr('C(‘ding class. With the (‘xception of th(‘ polar and sub- 
]K)lar zones, lizards are distributed over the whole globe, ranging in some districts 
from the level of the S(^a to the limits of eternal snow, and found alike in fruitful 



and barren districts, in the neighbourhood of water, and in the most,arid desei*ts. 
Whereas, however, in the cohhu* regions tluy are poor in speci(^s and small in size, 
it is in tlu^ tropics and subtropical regions that they attain their iiiaximuin 
development, as regards numbers, bodil}^ size, i*ichness of coloratioJi, and jx^culiarity 
of form. 

As ngards tlunr distribution over the surface of the globe, lizards pnhsent a 
most remarkable dillerence from what obtains among Ampliibians (frogs, newts, 
etc.), and, to a less d(grot;, among tortoises. For instance, whereas Aniphibians, 
and to some extent toi-toises, have their <listril>utional ai*eas detimwl equatorially, 
such lines of division, in the case of the present group, must be drawn meridionally. 
Thus, in tlu^ case of Amphibians, one great <listributional province includes Europe, 
Asia, and North Amenca, and the second embracers the regions lying south of the 
E(juator; wlicrcas in the cas(^ of lizards one area marked by peculiar forms will 
include the Old World and Australia, and the otluir will comprise the wfcole of 
Amei'ica. As has already been noticed, the distribution of tortoises approximates 
to the former type, all the sid(»-neckod group bedng confined to the Sotithcirn 
Memisphero. , Again, we find that whereas Tropical Africa is closely related' to 
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^Tropical India as r(‘gards its Amphibians, while Australia and Africa arc near 
akin to South America in regard to their toi*toises, in r(‘spect of lizards thei-e is no 
close c^mnection between India and Africa, but an intimate 3*elationship exists 
between India and Australia, where members of the same genera occur; whilt5 the 
Australian lizards are totally unlike tlndr South American cousins. As might have 
been expected from their great numerical preponderance, at the pi^sent day, lizards 
appearoto be a comparativtdy modern group, their remains being rare in the lower^ 
Tertiary deposits, while in the Secondary period they are only known by a few 
species from the rocks of the Cn^taceous epoch. That tin', group has originated 
fj-om the tuat(‘ras, which wen.^ so abundant in the earlier strata of the Secondary 
period, may be regard(‘d as most probabl(‘. 

d'uriiiim to their mode of life, we find that while a few members 
Habits. . ^ 

of the order resembh^ crocodih^s, in sj)ending the greater portion of 
their time in water, visiting the land only for the purposes of feeding, sleeping, 
or basking in the sun, by far the gi-c‘at majority of lizards are (jssentially land- 
aniiiktls, avoiding <‘veu dam]) situations. Although some inhaliit tr(;(\s, tlui greater 
number dw(‘ll (‘itluu’ on th(‘ ground or among the clefts of rocks; thc^ conformation 
of the body generally giving sonu^ in<licati(>u of this diversity of liabitat. Among 
the land forms, for instance, those with depn'ssed l)odi(\s are generally to be found 
in open sandy disserts, wii(‘r(5 tiny S(H*k shelbu* either b<*neath stones or in hoh'S ; 
wht'reas such as have the body comiiressed are moi’e usually dwellers among 
bushes or in tr(‘(‘s. ^Those, again, in which th(‘ body is more or less cylindrical, are 
in the habit of secin^ting themsdves in the clefts of rocks or the chinks of tree- 
stems ; while th(‘. snake-like kinds liv(‘, on the ground, and those with a more 
worm-like form beiu'ath its surfaci‘. The mov(*ments of the greatcu* number of 
s])(^cies — wh(‘tlu‘r they live on the ground, among rocks, on trees, oi* on clifis or 
Avails — an? agili‘- in the extreme; an<l Avhile the majority run with tluur bodies 
close to the ground, nwiny habitually I’aist^ tluimscdv(‘s up at times by resting on 
their hind-legs and tails, and are able to spring, eitluu- on the gi'ound or from 
branch to bivinch, to a considej'abh* distanciJ afbu* tlu'ir prey. Of the arboreal 
species, soim^'make use. of their tails to aid in maintaining tlu‘ir hold, while others, 
together with clifi- and ^Avall -hunting s])(‘ci(*s, like the geckos, are enalded to run 
along the undm’ sides of boughs, oi* to ascend vertical surfaces by the aid of tlieir 
ex})anded and disc-like feet. The peculiar fiying lizard is enabled to take long, 
flying leaps, su])j)oi t(‘d by a parachute-like membrane borm^ by the (‘xpamh^d ribs ; 
Avhile all the limbh‘ss species move somewhat after the manner of snakes, although 
makiirg l(‘ss use of the extnmiities of the ribs. Th(‘, few acpiatic forms swim and 
dive without tin*, aid of webbed feet; but many other kinds swim well if 
thrown into watei*. 

In many*case.s elegant and graceful in form, although at others rendered more 
curious than b(‘autiful by the presence of spines or wai’ts, lizards are pleasing'^ 
rather than repulsive animals; and, Avitli the exception of the Anicrican helodeims, 
none are poisonous, although some will bite sharply. Few lizards possess a distinct 
voice, the majority merely uttei’ing a low hiss ; some, however, especially among 
those whose habits are nocturnal — (unit a clear, sharp cry, which has l)een likened 
both to the scream of a frog, and to the chirp of a cricket. Of their senses, the 
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most acute is doubtless thfit of si^lit, next to which probaldy comes hearing. In 
regard to diet, a few lizards are strictly lierbivonjus, but the gn^at majority are 
jnoro or l(iss coinp1(*t(dy carnivorous ; the larger kinds I'eeding on small ml^mmals, 
birds and tlndr eggs, other n*j)tiles, and, more rarely, frogs and tish, as well as 
many descriptions of inv<'rtebratc‘S. Tlie smaller imanbej's of the order, on the 
other hand, are r(‘stricted mainly or luitirely to an invertebrate diet, the gi'eat 
^portion of which consists of ins(‘cts, worms, and land-molluscs. ISb'arly all drink 
by i^apidly protruding and withdrawing the tongue; dew affording sufFicient 
moisture to those living on rock or in trees, while some kinds can (‘xist foi' long 
periods, or (‘ven entirely without drinking. '^Mie species inhabiting tlui waj'iner 
regions, save those which are arboreal or aquatic in tladr habits, pass th(‘ hott<\st 
and driest season of the y<iar in a state of torpor; while those in cold ( a* regions 
regularly liibeiTiat<‘, such h i bernatioii, in the case of sonni of tlu; species inhabiting 
the continent of Europe, lasting foi* a p(U'iod of fi-om six to eiglit months. As 
regards their biveding-habits, the majority of lizards lay (g’gs, which may vary 
from two to thirty in number, and have generally a sol't and leathery covering, 
although sometimes furnished with a liard caIeai*(‘ous shell. 

One peculiarity chai*aeterising the nu‘mb(‘rs of the, onha: cannot l)e ]>ass(Ml 
over before concluding these introductory remarks. This is tire facility with 
which they are enalrled to )*(q)roduce lost parts, ami more esjx'cially tlie tail. As 
is well known, in many lizards, when handled, the tail breaks off* without any 
rough usage, and in all or nearly all it will i'ea<lily coimi in two if pull(Ml wlien the 
ci’caiture is s(‘(‘king to (‘scape, tliis susc(‘pti bilit^^ to automatic fractui-e Ixdng du(‘ t<_> 
a cartilaginous band across the middle of each vtTt«‘bra of tlu^ tail in flie, cast* of 
the common lizard of England. Such missing po’tion of the tail is sjreedily 
reproduced, it may be doiibh*, ; and whereas among the niend)i‘rs of th(‘, typical 
family of tlie order, the scaling of the ]*(‘pr()duced jiortion is like ilie original, in 
C(‘rtain other forms this is hy no m(‘ans always the case. The i*ema,rkahl(‘ circum- 
stance ahoiit th(i matter is that when the patba-n of the scaling of such a ncAV tail 
differs fivmi tlie original, it always revm-ts to that cluii*acterisiiig a less sp(‘cialised 
and probably ancestral group. It is scarc(‘]y n(*c(‘ssary to mention that in such 
an (extensive asseinlilage as the present, only a comparatively small perc(*iitage of 
species, or even genera, can he mentioned, and these but brieily. 


The Geckos. 

Family (jECKOXID^e. 

Few creatures have given rise to a gr(‘ater amount of falde and legend than 
the large group of lizai’ds commonly known as geckos ; sucli legiuids ly-iug probably 
duo to tlio nocturnal and domestic habits of thestj creatures, couj)h‘(l with the sharp 
chirping cry from whicli they derive their nanu;, and tlicdr curiously expanded 
disc-like toes. Ahsolub'ly innocuous, they have been credik‘d firnn the cear]i(3st 
tim(3s with ejecting viaioin from their toes, and of poisoning wdiab^ver they crawled 
over ; while tlie teeth of one species hav(3 Ixmui asserted to bo capable of leaving 
their impression on steed. Indeed, so intense is the dread inspired by these little 
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creatures, tliat in Egypt the lobe-footed, or fan-foobid species is commonly termed 
(ibou-bars, or father of leprosy. 

GcqVos, of which there are some two hundred and eighty species, distributed 
over all the warmer paits of tlu‘ globe, altliough more immej*ous in the Indian And 
Australian regions than elsi^wbeni, ai-e for the most part small and plumply-built 
nocturnal lizards, characterised by their d(‘.pr(‘ss(‘(l form and dustf-liko coloration. 
The rather long and more or less llattened head is ljroa<l and triangular in sliape ; 
the large eyes are characterised by th(i abscaicci of movable lids, and l)y tlie pupil 
being, except in a few diurnal forms, vertical ; while the aperture of the ears is 
likewise in the form of an upright sfit. Externally, the luiad is coverc'd with minute 
granules, or small scales, and tlie body is devoid of a bony ariiioui*, and in most 
cases coveri'd abov(5 with granules, and beneath with small overlapping scales. If 
W(i add to th(‘ alnwe hinturc^s that the tongue is either smooth or covered with 
.villous papilhe, and is short or 
moderate in length, and not 
sheathed at the base, and that 
tli(' b( )dies of th('. v<'rtebrje articu- 
latt^ together by means of cup- 
shaped surfaces at both their 
extremities, Ave shall have said 
sufficient to <listinguish the 
gc'ckos from all other members 
of the subordei*. As regards 
their other extei-nal diameters, 
th(‘ n(‘ck is very sliort and thick, 
tlie body, although ]'ounded, 
markedly d(‘pr(‘ss(‘(l, and the 
tail, Avhieh is giauirally remark- 
ably brittle, usually thick and 
of mod('rat(^ length, Avith its 
basal portion Either cylindrical 
or laterally compri'ssed, although it may be leaf-like, or even laidimeiital. In some 
cases the tall is knoA\m to be prehensile, and it is not improbable that it is 
frequently endoAveil Avith this power. The limbs are generally rcunarkable for 
their sliortness, and arcj always provided Avith five toes each, the ti])s or sidi\s of 
Avhich may be more or less dilated. In those s])eci(‘s inhabiting desert n'gions, the 
toes* arc of normal form, bi'ing often nearly cylindilcal, and keeled on their loAver 
^surfaces ; but in the giwat majority of the memtiers of the family, they are (ixpanded 
cither throughout tlieii* length oi* ])artially into adhesives discs, of Avhich the under 
surface is fonwe.d by a series of movable vsymmedrical plati^s of variable form, by 
the aid of which the creatures are enabhsl to ascend Avails and run across the 
ceilings of rooms. In some cas(\s th(‘ claws are retractile, either Avithin the plates 
of the discs, or into sheaths ; while in otluT instances the toes may be united by 
webs, wfiicli are not, however, for the purpose of swimming, all the geckos being 
land-lizards. Tlie numerous teeth are small, and attached to one side of the 
summit of the jaw (pleurodont). 



t.Ecko. 



1 12 


LIZARDS. 


Lobe-Footed The geckos being so numerous in species, which are arranged 

Gecko. under no less than forty-nine genera, it is of course impossible in a 
work like the present to do more tljan notice a ftiw of the better known'' or more 
striking. Among these, one of the most familiar is the little lobe- or fan-footed 
gecko (Pfifodacfylns lohatiis), of Northern Africa, Arabia, and Syria. This is one 
of two species belonging to a genus characterised by the toes (as shown in the 



TUKiQsu GECKO (nat. size). 


figuni on p. Ill), being dilated at their summits, where they arc furnished inferiorly 
with two diverging series of plates; the digits being furnislied witli- claws capable 
of retraction within notches in the front of the disc. The upper surface is covered 
with granules, among which are some small keeled tubercles ; the colour being 
greyish or yellowish brown above, with darker and light spots, and below uniform 
white. The length is a little over 5 inches. 

Equally well known is the Turkish gecko (Hnnidactylus tur- 
‘ ciciLs), represented in the figure above, which is likewise a small 
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Hp(‘cics, inliabitin^ tlio conniri(‘s boiNlt^rin^ the; M(‘(literraiiean and Rod Seas, 
and also found in Sind. It holon^s to a ^roup of ^onora with dilatcMl tot^s and 
coinprossod claws, and is specially cliaract(‘i-is(‘d by the extremities ol tlie bK‘S 
bein^ fn^e, the plates on the und(‘r surface of the discs arranij^ed in double rows, 
and th(i jm^scuice of some largo shiehls on the under surface of the Jail. Measuring 
not more than 4 inches in length, this species may distinguislied irom tlie other 
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i'kin(;kd gecko (uat. hi/i*). 


European geckos l)y tke Ixxl.y being eovi-red with I'i'om fourteen to sixteen 
longitudinal rows of warts, of which some ar<‘ white and the others blackish, and like- 
wise by .the hui‘ of the up]ier-parts being greyish biwn spotted with flesh-colour. 
It is, hotvever, said to bo able to ch.ang(‘ its colour according to circiunstanc(.>s, being 
of a shining milky whiter at night, and dark-coloured during the daytime. The 
genus to whtcli it belongs comprisc's over thirty species, ranging over Southern 
iEurdpe and Asia, Africa, Tro])ical Aimwica, and Oceania, 
vor.. V. — 8 




LIZARDS. 


114 

A I{ir^^(‘r and inore reiriarkable spccio« is the one represented in 
Fringed aecko. illustration on p. 113 {Ftycliozoiua houKdocrpluduw), wliich 
"is sole inemb(‘r of a ^c‘nus characterised tlie presence of an expahsion of 
skin alon^ the skh^s of the l)ody, continued as lobes on the tail, as well as by tlio 
toes being completely webbed, and the inner one devoid of a claw. Attaining a 
length of nearly 8 inches, this species has a distinctly ring(id tail; its colour above 
being greyish or reddish brown, marked with undulating dai*k browiL transverse 
bands, and a dark streak (ixtending from the eye to the fn*st (jf the bands on 
the back. This gecko is an inliabitant of Java, Sumatra, Borneo, and the Malay 
Peninsula. 

The last member of the family we shall specially notice is tlav 
Wall-Gecko. . . ^ . 

wall “gecko {Tarntiola omturifanlca), whicli is the Mcsliterraneaii 

rejiresontative of a small genus ranging from the countries bordering th(‘. Mediter- 
ranean to West Africa, and including one West Indian s])ecies. The genus is 
readily recognised by all the toes b(nng dilahid, and only the third and fourth 
furnisluMl with claws. This species vari(‘s from rather less than 5 to sonu^what 
more than (> inches in length, of which one-half is form(‘d by the tail. I'he sid(‘s 
of the neck and body, as well as the U])per surface of the limbs, are ornament(‘d 
with conical tulicrcles ; the back carries seven or nine longitudinal rows of larger 
and strongly-k(Hded tubei’cles ; and on tlu^ anterioi' half of the tail the ornamenta- 
tion taki‘S the form of knobs with liackwardly direct(*d s])ines. ^fhe gc^neral colour 
of the up])er-parts is greyish brown, with more or less distinct lighhu* and darkc‘j* 
marblings, while a well-marked dark streak pa-ss(‘s on each side of i he head through 
the eye. 

With the exception of a certain number of speci(^s, the geckos, as 
already said, are nocturnal in their habits; aiid many are remai’kal)l(j 
for utt(U'ing shrill cries, probably produced by striking the tongue against, tla.^ 
pahit<‘, which in some cases are compai*(al to the syllables yech), rlmD/, oi* /o/. i, and 
in others to the monosyllable ioJe. A South African sand-gecko is at times statiMl 
to occur in such numb(‘rs, and to produce such a din by its cry, as to rcaider a 
sojourn in the nilghbourhood well-nigh insupportable. As i*(‘ga.rds th(*ir habitat, 
g(^ckos aix) V(uy variable, some frequenting arid desents, wheiH^ they, in some 
instanc(\s, burrow in the sand ; otliers fnapumt woode<l ]*i‘gions, living eitlnu* among 
low buslu's or on trees, and concealing themselves during the day bcuieath stones 
or the bark of the stems; others again are found among rocks; whilij a third 
group has elected to live among human dwellings, wIk^tc some of its members Ipive 
become as fearless ami confiding as domesticated animals. Of the arboreal sj)eci('s, 
the frilled gecko is peculiar in liaving a paracluite-like expansion of skin, which, 
is used after the manner of that of the flying squirixds in aiding its owner to takii 
long leaps from bough to bougli. When at rest, the parachute is kej)t closti to the 
sides of the body by the aid of its intrinsic muscles; and it is stated that this 
species, like several others, has the power of changing its colour according to the 
hue of the object in which it is resting. The species frequenting housej{ may be 
divided into those which resort to tlie interior, and those which are content with 
the OTitside. Of the latter, Sir J. E. Tonnent writes that in Ceyloi\, “ as soon as 
evening arrives, geckos are to be seen in every house in keen and crafty ])ursuit of. 
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Jlicir prey ; (.‘nuirging fi*oiu the chinks and r(*cess(*s wiu^rc they conceal tlunnselvos 
during the day, to s(‘arcli fe)r ins(*cts that tlieii iH'tire to settle for the ni^ht. In a 
boudoir^*\Vher(^. the ladies of iny family spent their ev(*nings, of thevse familial'^ 
and amusing little creatures ha<l its hi din ^*-2 >1 ace behind a ^ilt jhcture-frc^j^no. 
Punctually as the candles were lighted, it made its a2)pearance on the wall to be 
fed with its accustomed crum])M ; and, if noglecte<l, it I'eiterated its*shai*p quick call 



WALL-f;K(’KOS (iiat. siz<‘). 


of clue, clui\ chH, \aW att(md('d to. It was of a delicate grey colour, tinged with 
pink ; and luwing by accident fallen on a work-tabl(‘, it fled, leaving 2 )art of its 
tail behind it, which, however, it rei^roduced within less than a month. ... In an 
officer’s quarters, in the foi’t at Colombo, a g(*cko had been taught to come daily to 
the dinner-table, and always made its ap2)earance along with the dessert. The 
family were absent for somt^ months, during which the house underwimt extensive 
repairs, the roof having been raised, the walls stuccoed, and the ceilings whitened. 
It was naturally surmised that so long a siisjicnsion of its accustomed habits would 
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luiv(‘ led to tlie disappc'iiraiice oi* tlui little lizard ; but on the ludurii of its old 
frieudH, it made its eiitranee as usual at theii* iirst <liiiiier, the instant tht‘, cloth was 
.reinove<l” Anoth(‘r Indian obser^’er, Colonel Tythu', writing of th(\s(' hous^^-ge^ckos 
states that although s(*\'eral species “may inhabit the sanui locality, yet, as a 
general rule, they k(‘(‘p separatci and aloof from (‘ach otluT ; for instance, in a 
lioiise the dark 'ct‘lhirs may be the r(\sort of one s])ecies, tlu‘ roof of another, and 
the crevices in th<i walls may b(‘ exclusively occu])i(‘d by a tliird speci(‘s. Kowcv(‘r, 
at night tlaw issue forth in (piest of insects, and may bt^ found mix(Ml iq) togidher 
in the same spot; but on the vslightest disturbance^ or when tlu^y have <lomi feeding, 
they return hurj*iedly to their particular hiding-])lac(‘s.” So far as is known, all 
the mend)ers of tJie family agree with th(‘. hous(‘,-g(‘ckos in being insectivorous. 
With tlu^ e\e(‘ption of two p(‘culiar New Zealand sp(‘cies producing living young, 
all the g(^ckos a})]K‘ar to lay eggs, which are enclosed in a 3-oinid and hard slu*ll, 
and are geiKirally two in number. 

„ , A few p(^culiar geckos, assigned to thnv geiKTa, and of which 

Eyelid Geckos. 

Hal'd wicke’s g(5cko {Euhlvpliaris Itardtrich'l) is om* of th(‘ best known 
examples, differ from tlie true geckos in being furnish(‘d with movabh' (Welids, and 
also in that tiuur viatebra) are articulated tog(‘tlu‘r by imsans of cu]>-and-ball joints, 
(.vonsetpumily, those eyelid geckos, as they may be, t(‘rmed, form a distinct family - 
Euhle]>ha ridiv. 

The S('aij>F()()Tej) Lizauds. 

Family J^y^difFoUTD^K 

To the ordinary observer it might well ap]>ear that the whole of tlu* snake-likii 
lizards, or those in which the body has become cylindrical and much (^longab^d, 
a,nd th<', limbs (‘iih(‘r rudinuaitary or wanting, would ])(Ttain to a single family. 
Such, howeV(U’, is not th(‘ vi(‘w of modern zoologists, who r(‘gard many of these 
abberrant memluirs of the suborder as having lunai indejiimdently (hu’ived fi’om 
several groups of fully limbed forms, and thus having but little relationship among 
thernselv(\s. Of th<,\se snake-like groups, one of the most remarkable is that of the 
scale-footed lizards of Australia and New (luinea, which form a family comprising 
six genera, all characterised by the retention of more or h‘ss wi‘,ll-marked rmlinuuits 
of the hind-limbs, although the front pair liave fjuite (lisap})eared (‘xternaJly. 
According to the opinion of Mr. Boiilenger, the scale-foots come m^arc^st to the 
geckos, with which they agree in the csseaitial charactt‘rs of th(*ir skull, as they do 
in the nature of their tongue, the want of movabh^ eyedids, and th(i vcirtical pupil 
of the ey(i ; although the latter character, as being variable in the geckos, cannot 
be regarded as of much importance. Apart from tladr external form, they differ 
from the gt^ckos and theixiby rescanble the members of the next family in that th(5 
inner extremities of the collar-bones are not expanded into a ]ooj>-shaped foi*m, 
while they are peculiar iti that thti number of bones entering into the composition 
of each half of the lower jaw is reduced from six to four. The small and numerous 
teeth are closely set, and have generally long, cylindrical shafts, and blunt(jd 
summits; although in the genus I/udis they are sharply pointed, swollen at the 
base, and backwardly curved, thus resembling those of the monitors. The hinder 
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liinb.s arc repivseiit(Ml ext<Tiuilly ])y a scaly flap, wliich is most dc^velopcd iu the 
^cnus to which the ii^iirod (‘xanij)l(; belongs; the component bones may be l*c‘lt 
moi*(i oi’»!ess distinctly, and the sktdt'ton of the common species shows five to(‘.-bones. . 

common sca-le>i*oot lrj)i(lo/)as), winch attains a hm^^tli of about 

20 inches, and lias a tail twice as lon^ as the lu*a(l and body, is the t}'pical repre- 
sentative of the f(‘AV nuanbers of this family. '^Idie head is lon^, pointed at the 
snout, and scarciely se})arated fi'om the body, b(‘in^ covc'red above with large 
symnuitrical shields, and on the sides with small scales. The ear has an oblique 
oval apertin*e, and the rudimental immovaible eyelids are circular and cover(‘d with 
minute scales. The cylindrical body is slendm* and of nearly e(|ual thickness 
throughout, the scales on its uppia* surface, as in that of th() long tail, being keeled. 



COMMO.V .sr\LK-F()()TET) T TZ \T1D (15 lint. si/c*). 

Larger in males than in I (‘males, the limbs hav(‘. rounded (‘xtremities, and aio 
enveloped in ovi'rlappi ng scal(\s. In general colour, tliis lizard is coppeiy grey 
abov(^, sonietim(*s maiiv(^d with three or fi\x* longitudinal rows of blackish dots or 
(dongat(^ spots; the under-])arts being marbled grey, with the exception of the 
thioat, wdiich i*i white, found both in Australia and Tasmania, and by no moans 
^ uncommon in the warmer lujrthern parts of Victoria-, this lizard, ]ik(‘ its kin, is 
stati^d to hav(i habits very similar to those of the bl in d-worm, although accurate 
observations gn its mode of life are wanting. 

Tfie Aoamoti) Lizards. 

Family A aAMJJu:. 

The south(‘rn and eastern portions of the Old World are the home of a very 
.^exte.nsivo family of lizards, comprising thirty genera and over two hundred 
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*speci(\H, which iiuiy be convt niciitly icriiied iigaiiioids, iVom tluj name of th(3 typical 
genus. 'Agr(‘(‘ing with tlio prcctMling families in tlie chai*aetei\s of tlie toi^giie, and 
in tlie absence ot bony platc's bem^ath tlie scales, the agamoids rescanblc the scale- 
foots in th(i characti'Ts of tlu'ir collar-bones ; but are distinguislu'd from all their 
aHi(‘S in having tc‘(d.h of tb(‘ acrodont tyijc, that is to say, situated on the very 
summit of the edgess of the jaws. While tlic In'ad is covered with small scales, 
the small eyes liave circular pupils, and well-develope<l movable ey(‘lids ; and the 
scales on the back arti of the normal overlapping type. The thick tongue is eitluu’ 
completely attached or only slightly free in front, and, at most, has but a very 
shallow notch in its tip. The teeth may be generally dividiul into three series, 
comparable as n^gards position with the incisors, tusks, and molars of mammals; 
the latter being more or l(‘ss compress(‘d, and frecpienily furnished with three cusps, 
whihi the tusks, which may be one or two in number on (‘ach side', ar(‘. of relatively 
large size in most cases, although occasionally absent. The fore-1 iinljs ari^ always 
well develop(id, and, except in one genus, five-toed. The abs(mc(‘ of large 
symmetrical liorny shields, both on tlui liead and under-parts, is a noteworthy 
character of these lizards, many of which develop, either in tlu‘ males or in both 
sexes, ornamental appendages, such as crests or pouches. As a rule, the tail is 
long and not brittle, but in only one genus is it pr(‘h(‘nsile, although in another it 
can be curled up at the extremity. Tho shape of the body is V(‘ry \’ariable in the 
<lifTer(‘nt genera, the ten-estriul forms being generally depressed, whih' those that 
are arboreal in their liabits are compress(‘d. Although the majority of the sp(‘ci(*s 
are insectivorous, some subsist on leaves and fruits, whihi othci-s ])r(‘f(U' a mixed 
diet; but neither the nature of their habitat nor their food s(‘rv(i to classify the 
agamoids, many of the genera of which are very difficult to distinguish. The 
majority of the species appear to lay eggs, only the meml)ers of a singh' genus 
being reported to give birth to living young. As ixgai'ds distribution, agamoids 
4irc found from the south of Europe to the Cai)e, ami eastwards as far as CHiina, 
the Malayan Islands, Australia, and Oceania, Imt are unknown in N(iw Z(‘aland and 
Madagascar. Both as regards genera and species, their headquarters is, howcivcjr, 
the Oriental ixgion ; Africa possessing only t}n*(‘e genera, of which one is ccmlintnl 
to the northern part of the continent, while l)ut four sptvies enter South-Eastern 
Europe. 

riying Lizards Commonly known as Hying dragons, the nuunbers of the first 

genus of the family are elegant and harmless little creatures to 
Avliom such a title s(3ems inappropriate, and we therefore prefei* to substitute the 
name of flying lizards — more especially as we have applied the former appellati(^i 
to the (ixtinct pterodactyl es. These flying lizards, which are represented liy 
twenty-one species, ranging over the greater part of the Oriental rtgion, are at 
once distinguished from all their kindred by the depressed body being provided 
with a large wing -like membranous expansion, supported by th(3 elongated 
extremities of the six or sevcai hinder ribs, and capable of being folded up like 
a fan. The throat is furnished with a large mcanbranou^ exjfani^ion, on the sides 
of wliich are a smaller pair ; and the tail is long and whip - like. The best 
known of the species is the Malay flying lizard {Draco rolavi^, which is a rather 
common forvi, and belongs to a group characterised by the nostrils being lateral « 
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and dilvetod outwards; this particular spi^cios boiii^ distinguished by tin' absence 
of a spine above tla^ ey(% by th(^- aperture of the ear being siiuilli^r than the ey<‘, 
and by tTlio inferior surface of tlu^ ])arachute b('ing ornamented witli black spots. 
In addition to the appendag(‘s on tlni tliroat, th(i males have a small crc^st on .tlie 
nape of the neck ; whiles in botli sexes tlie back is covcr(id with iri’egular, large- 
keeled scales, and its sid(‘s have a s(‘ries of still larger scales, which arii also keeled. 
In haigth it nu'asures a little oviu* 8 inches. As I'egards coloration, tlui upper- 
jmrts are of a brilliant but variable iiudallic hue, oi’iiamented with small dark 
spots and wavy cross bands ; IxdwiHui the eyes is a black s])ot, and a similar 
one occurs on the nape; the panichutc is orange, with marblings or irregular 
crossbands of black ; and tlie throat is mottled with black, its a])pendage being 
orang(i in the male and bluish in tln^. femal(‘. Tliis lizard inhabits the Malaj^ 
Peninsula, Sumatra, Java, and Borneo; and in the living state is described as being 
so suj)(‘rlativ(‘ly In^autiful as to baffle <lescri]d,ion. 

Essentially arbonvd in tlaar habits, the flying lizards generally frequent tlie 
crowns of trees, ami as they are comparatively searci^, and siddom descend to 
the ground, they are but rarely seen. Describing the habits of thi‘ Malayan species, 
Cantor says that “as tlu^ lizai’d li(‘s in shade along the trunk of a tree, its colours 
at a distance app(‘ar like a mixtur(‘ of brown an<l grey, and rendei* it scarcely 
distinguishable from thi^ bark. There it i‘(‘mains with no signs of lib*, except the 
resth'ss eyes, waiehiiig passing insi‘cts, which, suddenly expanding its wings, it 
seizes with a sometimes considi'rable, unerring leap. Tlu' lizard itself ajipears to 
jiossess no power of changing its coloui-s.'* When excit(*d, tin* a])pen<]ages on the 
throat an* (‘xjiaiided or ei-(‘cted ; and tlu* oj'dinary movements of the creature take 
the form of a; seri(*s of l(‘aps. AftcT commenting on the fact that both flying 
lizards and flying hniiurs inliabit the same countries, and have very similai* modes 
of life, Moseley states that, whmi springing from branch to branch and from tree 
to i-ree, the foinier pass so rapidly through tlu^ air that the exjiajision of the 
]>arachute almost (‘scapes notice. Some (‘xaiiqflcs kept on board ship w<‘re in 
the habit of flying from one h*g of a tabli*. to aiuAher. The females a])])(air to 
lay thr(*e or four (.)val whitish eggs. 

Oriental Among a number of genera, characteiised by th(‘ir more or less 

Tree-Lizards. compr(‘sse(l bodii's aiid gen(‘rally ai’boreal habits, the numerous tree- 
lizards constituting the genus CaJoics may be select(‘d for brief mention. These 
U^autiful lizards b(‘l()ng to a. group distinguished from many of their allies by the 
aperture of the ear b(*ing o})t‘n, while they are (‘spc'cially characterised by the 
absiuicc of any distinct fold of skin across the tlu’oat, by the equality in size of 
till* lai’ge keeled scal(‘s on the back, and the pn'siuice of a large criist on the back 
and ni'ck ; the tail ludiig very long and whip-like. Om*. of tlu* best known species 
is the variable* lizard {C. vcrAcoJov), imiging from Baluchistan, India, and Ceylon 
to the south of China, an (‘xcei'dingly handsonui lizard of some IG inches in length, 
with a very lai-gii crest, but so variable in colour, when alive, as almost to defy 
description. It is one of the commonest of the eastern Asiatic lizards, and derives 
its naihe from its jiowi'r of changing colour, which is esp(‘cially marked when it 
is sitting basking in tin* sun ; the IunuI and n(*dv bidng often y<*llow, flecked with 
red, the body red, and the limbs and tail black. When iri*itated, or feeding rapidly, 
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an allied Hpi‘cies ((/. opkloniachu-^s), from India and (k'vlon, turns l)rilliant red over 
tlui liead and neck, tlie body at the same time becoming pale yellow ; hence it 
is popularly known as tlie “ blood-sucker.” ‘ 

Ceylon Horned Tlirt^e remarkable lizards from Ceylon, constituting tlie genus 
Lizards. (Icralojihora , and belonging to a group in which the ap(u*ture of the 

car is conceale(i, drudve their name from carrying a mon^ or less (elongated horn- 
like proc(‘ss on tln^ nosi*, at least in the male sex; tluj n(‘ck and back b(‘ing devoid 
of a crest. One of th(‘ sp(;cies, which attains a huigtli of about 10 inches, has a 
horn m(\‘isuring half an inch. These lizards appear to be I'are, one of the 

sp(?ci(‘s b(‘i ng contined to mountain districts. * 

For want of a distinct English titl(% we arii compelled to (h^signato 
True Ag'amas. . . ^ . . , ” . 

tlie members of the genus Agahui colh^ctively by anglicising th(‘ir 

scicaitific name. Distinguished from all the previously notices I forms and their 

allies, with the exception of the Hying lizar<ls, by their more or l(*ss (l(‘press(‘d 

bodies, agaimis are (‘spc'cially characterised by the exposc^l ap(‘rtin*(‘ of the ear, ami 

the presence of large callous scah‘s in front of tht‘ vent in tin' mah's. Th(‘, erc^st 

oil the back is, at most, but small, and may Ik* Avaiiting ; whii<‘ ea(‘h side of tlie 

throat has a pit, and tlu‘re is likewise a. transv(‘rst‘ fold across this part. A sac- 

lik(‘ apjiendage may or may not occur biuieath the throat, and tlie modcaub'Iy 

long tail ma-y lie either cylindrical or slightly eompr(*ss(‘d. L(‘ss im^xirtant 

cliara,ctei*s are to lx* found in tlui form of tlu^ luanl, which is short and triangular, 

very liroad behind, and rounded at the muzzh*, as well as in the relative length 

and shmderiujss of tlui limbs. Tlui h(*ad is covtu’ed above with small, smooth scales ; 


those on the back are overlapping and ki‘(‘h‘d ; whih* on tluj tail the scales may be 
either simply overlapping or arranged in Avhorls. 

Th(‘- distribution of the genus is someAvhat peculiai-, im])inging on South-East(‘j’n 
Euro[)e, and (‘inbracing tin*, greatiu* paid of South-Eastern Asia, as well as tin* whoh* 
of Africa, but excluding India pro])er, togedber with Ckyloii and Jlurma, although 
including the Punjab, Sind, and the Himalaya. As indicated liy theii* d(‘pi*(‘ssed 
bodies, againas are mainly gi-ound-lizards, generally friuj^muiting barrim localities 
or rocks, although a few species resort to shrubs. Th(^ circular pupil tjf ilunr (yes 
is (Mjually indicative of diui’iial habits; and a large number of speci(‘s an* fond of 
basking on njcks in the full glan* of tlu* sun. In such situations, as in tlu*. valhys 
around Kashmir, they may bo seen in numbers on almost every roadside* mass of 
r(3ck, wheni their extreme agility renders tiunn V(uy diflicult to captuin* ; the l)(‘st 
method, according to the writi^rs experience, wluai specimens ai'e reijuircnl for 
preservation, being to strikt* with the lash of a hunting-whip, whereby they dre 
instantaneously stunned or kilh'd. As regards food, all ap}K*a.r to ])e ins(‘ctivorous. 

Armed A^ama Fi*om among rather more than forty representatives of the genns, 
three are selected for especial notices Idie first of these^is the ai'med 
againa {A. arindta) of South Africa, which is represented in the figuni opposite, 
and attains a total length of some 20 inches, of which rather more than G arc^ 
occupied by the tail. Ik^longing to the second great group of tlu^ genus, or that in 
which the occipital or hindmost nuxliaii scale on the top of the h(*ad is enlarged, 
this species is characterised by the spinose scales on the back being of unequal size, 
by the aperture of the ear being larger than the eye, by the fifth toe being as long 
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as the iirst, and ilio tliird sli^ljtly longer than t)ic fourtli, as well as ]jy tin* scal(*s 
on the abdomen being keeled. J>oth sexes luive a low crest on tin; nap(‘ of the lurk, 
wluir(‘l)};*t'he specii^s is distinguished IVom most of its South Afj-iean congeners; 
while the niaic^s ha\'e two rows of twi*lve iliiekental horny scales in front of tlu‘- 
vent. Althougli variable*, tliis handsome lizard is strikingly coloured, (h'lierally 
the upper-parts are olive-bi-own, with the (‘idarged scales lighter;* and there is a 
double seJ’ies of dai'ktir blotch<.‘s along the back ; the under siui’ace being liglitei’, 
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and the thi’oat markeMl with dark longitudinal stre^aks. Known to the* natives of 
Mozambiepu* by the*, name of toqtu^ this species appears to feed chietly on bc‘(‘tles, 
grasshopp(‘rs, and ants. 

A"ery diflereiit in general ap])earance to the last s])ecies is the 
Spinose Affama. agaiiia (A. (Ufb/nonun) of West Africa, wdiich is a rather 

large form, and said to bo tlu^ most common reptih^ met with on the Gold 
Coast. It differs from the pr(‘ceding species by the shields on the back 
being of unifo/iii size* and furnished with spines, as w’^ell as in the abscmco of a 
crest. The body is not much depressed, and the sides of the lu'ad n(‘ar the ear, as 
well as of the neck, are ornament(*d with radiating grou])s of short spines, wdiich 
arc at least eciual to two-thirds the diamehu* of the ear-optming. From an allied 
species (A. rnrj^fjrJ/ i) it may be distinguislual by the scales on the back Ix'ing very 
numerous, and coTJsiderably huger than those on tlui tail; the latter bi'ing sti-ongly 
keeled and arranged in fairly distinct rings. Attaining a hmgth of rather more 
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than 13 inches, tliis specitss is noticcahlo fur its brilliant coloration in the living 
state, although tlic lui(‘s i‘api<lly fade away after death. When alive, the head is 
flame-rcMl, the. tliroat s])()tt(‘d witli yellow, and tlic body and limbs a deep slv‘t‘l-blue, 
while along the middh' ol th(‘ back tliere is generally a whitish line. The low(a’ 
surface of the basal haJf of the tail is yellowish, the corres])onding upper portion 
steely blue, as is the tip, whihi the remaindei* is rial. Very old specimens have, . 
however, both surfaces of the base of the tail bhu', tin; remaind(*r of th(i u]>])er 
surface, exc(‘pt a small blue tip, being red. Females are at all ages, much more 
soberly colounni In some sj^ots thesci agaimjs arc found in swarms, being very 
fond of climbing up the mud-walls and mat-roofs of tli(‘ nativ(‘ huts, at tinnss 
basking motionless in the sun, and at others running rapidly about in search of 
insects. Wlion approached by a liuman being, they raise and d(‘pr(‘ss their heads 
in a series of nods, which increas(i in rapidity as th(^ intruder di*aws near, till, 
finally, the creatures lose courage, and disappear, with the s}>(‘(m 1 of lightning, 
into some crack or ci*anny. So brilliant do thi'se gorgeously-culouri^d lizards 
appear, wlien basking in the midday rays of an African sun, that tlu‘ observer is 
fain to Ixdieve he is gazing on some splendid ins(*ct ratluu* tliaii a i-eptih*. 

Kough-Tailed Belonging to a group of the gimus <listinguish(‘d from the one 

Agama. containing the specicis described above by the absence* of enlaigcmu'iit 
of the occipital scale of the In^ad, the rough-tail(Ml agama (/I. .s7c// /(/), 4h‘pieted in the 
illustration on p. 105, is interesting as Uung om* of the two menibei's of tho g(‘nus 
whose range exbmds into South-Eastern Euroja*. Wliennis, howe\(‘r, the otli(‘r 
memb(‘rs of the group have tlie tail more oi' less ringt‘d, the rough-tailed agama, 
together with the second European species (A, canvaAaf ) and a third (^1. va icrolepix), 
are p<‘culiar in that the tail is divided into distinct s(‘gments, each composed of a ])air 
of rings of scales. Growing to iK'arly a foot in l(*ngth, the sp(‘ci(‘s under con- 
sideiation is distinguished by its stout body and the mod(*rat(i d(‘gr(‘(* of d(‘])r(*ssion 
of the head ; the cheeks of the male being somewhat swollen. Tlu* colour of the 
upper-parts is olive, spotted with black, and generally with a series of large yellow 
or olive spots down tlu^ middle of tlie back; th«; tlnoat of the male having fine 
bluish grey net-like markings. Occurring in Europe, in Turkey, and caadain 
islands of the /Egeaii S(*a, the rough-tailod lizard is dmtrihuted ov(‘r the whole 
of Asia Milan*, Syria, Northern Arabia, and Egy]>t, being much mori* common in ’ 
the latter regions than it is in Europe. To tlje Arabs it is known by tin*, name 
of hirdan; and it is commonly tame<l and kept in captivity by tlu* itinerant 
snako-cliarmers of Egypt. As sliy and agil(3 in its moveiiKints as its congeners,, 
it f(ieds larg(5ly on lli(‘S and buttorfli(*s, wiiich are ca])tuj-ed with rc'inarkabk'. ad<lr(‘ss 
and agility. 

Before taking leave of this extensive g(inus, it may be iiumtioned that there is 
a third group, agreeing Avith the last in the small size of the occipital scab*, of the 
liead, but distinguished by the absence of rings on th(i tail ; the agile agama (A. 
<tcfilis) of Persia being a Avell-known example. The genus Rhrtjii<jccp/i(fhis of 
South-Eastern Eiii-ope and Central Asia comprises rather more tlnin a dozrn lizards 
nearly allied to A ryu hut easily distinguisli(‘d by the concealed ajierture of tlie (iar. 

Australian Although tlic swollen callous scales in front of tluj vent in the 

Frilled Lizard, xnalcs of the aj^anias have some resemblance to them, the whole of . 
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the pr(iC(Mlin^ in(*ml)ers of the family arc clmracterisod by the absence of true 
pores in\ .this part of the body or on tlie thighs. Jn a second ^roup such port's 
are, Jiovft'vi'r, present in both, oi* in one or othtir of tliese situations; and we select 
as our first example thereof IIk' remarkable frilled lizard (iltUnHydosn v nit< kitigi) 
of Australia — tht' solitary repr<‘S(‘ntativc of its genus. This extraordinary-looking 
creatuT*e, which attains a h'ligth of nt'arly J32 inclu'S, about 11 of which are taken 
up by tlie tail, is at once recognised by thti curious frill-like membranous t'xpansion 
surrounding the tliroat and extt'iiding upwards to the sides of the nape. The frill, 
whicli is much nitmc dtiveloped in.thti adult than in the young, has a serrated 
margin, and is covered with scales of larger size than thos(i on the back; it 
irri*sistibly reminds one of the frills with which our ancestors were wont to a<Iorn 
th(‘ir throats, and communicates an al(.og('ther strange appeara-nce to its owner. 
In form, the bo<ly of this lizard is slightly comprc'ssed, and although the scales of 
the back ar(i strongly keeled th('re is no distinct cri'st in this region. TIk'. aperture 
of the ea)* is t xj)osim1, and tin' tail is either round oi* slightly compressi'd, the latter 
condition occuri'ing in the adult mah'. The geiu'ral colour of the upper-parts is 
])ale brown, whicli may be ('ither uniform or mottled with daik brown, or blackish 
mingled with yc'llow. 

The frilled lizard is an inhabitant of QiU'ensland and Northern and North- 
Western Australia, ns w(‘ll ns some of the islands of '^Porres Straits ; its fossil remains 
occin*ring in the supc'rficial deposits of tlu'. first-named district. Recc'iit observa- 
tions show that it inhabits sandy districts, where it walks, with a swinging gait, on 
its liind-lt'gs, after tljc manner of the extinct iguanodon. AVlien frightened, it sits 
down on its liind-cpiarb'rs, raise's its fore-ejuartt'rs and head as high as j)Ossible, 
strikers its ])ody with its fail, ami sliows its teeth at tlui intruder. Although the 
(‘reature is perh'ctly harmless, this attitude has been known to frighten people who 
have seen it for the first iime ; and it ])robably has the same eflect on other enemies. 
T)ie frill whieli, when fully exti'iided, forms a shield concealing the body, limbs, 
and tail, is moved by certain special muscles, and is sup])ort('d by rods of cartilage. 

Sail Tailed . Nearly allied to the pri'coding is the sail-tailed lizard {Ijopkiirui^ 
Lizard. amh<>iv<ntslfi), which is likewise the sole meird)er of its genuvS, and 
takes its name from tlu' presence of a tall sail-like ciest on the upper surface of 
the tail of the adult, wliicli is supported by a great lengthening of thti spines of 
the vertebrje of that region. The body is markedly compressed, tlui back has a low 
crest, and the throat has both longitudinal j)uckerings and a transverse fold in the 
skin, while ^h^^ apertun^ of the ear is exposed. In form, the head is short and 
thick, the compressed tail is long and powei'ful, and tlu' legs and feet are also 
.strong, the toes of the latter being covered inferiorly with small gramdar scales, 
and at the sides, es]K*cially externally, with a fringe of huge unitx'd scales, which 
is one of the distinctive' fe'aturc's of the genus. The covering of the up])er-parts 
is in the form of small (piadrangular scales, which are keeled on the head and 
back. Tlie dentition comprises six small conical teeth in the front of the jaws, 
four long tusks, and thirb'en chei'k-tet'th. On the thighs there- is a row of pores. 
Attaining a length of over a yard, the sail-tailed lizard is of a general olive-brown 
colour, becoming greenish on tlu‘- head and neck, and spotted and marbled with 
black ; while an obli(|ue fold in the skin on the front of the shoulder is deep black. 
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Originally brought to Europe from Amboy na, this curious lizard is an 
inhabitant of the rhili})pincs, Java, Celebes, and the Moluccas; it is arboreal in its 
habits, an<l is g(uiei*ally found in wood oi* scrub in the n(‘ighboui*lio()d of water. 
Its food consists of S(‘(‘ds, lea\ (,‘s, llowers, and berries, as well as worms, myriapods, 
and other creatures found in damp situations. If frightened, this lizard imuiodi- 
ately dives ijito the water, and endeavours to conceal itself among the stones at 
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SAIL-TAir.ED LIZARD (J nat. size). 

the bottom, whore, however, it may hn rc'adily captured with a n(‘t, or even witli 
the hand, as it makes not the slightest attempt at defence. Its eggs are laid in the 
sand of the river-banks. By the natives the creature is liunted for the sake of its 
flesh, which is white and well -flavoured, and consequently inucli a])preciated. 
Thoray-Tailed Quite a different type of tail to that of tln^ last is preschited by 
Lizards. thorny-tailed lizards, of which there are s(n'(‘n speei(\s, inhabiting 

arid tracts in Northern Africa and South-Western Asia. Fi‘om the whole of the 
fon'going inciinbers of the present family, tluise lizards ar(‘- sharply distinguished 
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by the cireuinstaiiee that the front tet.*th, instead of being small and conical, arc 
large, and in the adult united together into oiui or two broad cutting >t(‘eth, 
separated from those of the cheek-s(‘ries l)y a gap; while exbuaially tlu^y ai’e (‘asily 
rejcognised by their short tails coveivd with well-defined rings of spiny scales. Tlie 
head is remarkal)ly sliort and rounded; the body, as in most terrestrial nuanbers 



of the family,*is much de})Tvss(Ml ; ami t]iei*(‘ is no crest along the back. Thei-e arc 
no folds or pouclu's on the neck, but pores arc present both in fi‘ont of the vent 
and on the thighs, and th(^ aperturi* of the ear is exposed. Tlu^ Arabian tliorny- 
tail, or {labb, as it is tei*med by tlio Arabs (Uro)n((sflx .s;/>/>?7y)c.s), is one of the 
best known members of the genus, ami inhabits Egypt, Crete, and Arabia. It 
belongs to a grou]) character is(‘d by tlie rings of spiny scales on tlie upper surfaci' 
.of the tail being in juxtaposition; while, in common with two other species, it 
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is specially distiiif^uislicd by the circumstance tliat two or more transverse rows 
of scal(*s on the lower surface of the tail correspond with one on its upper aspect. 
The Arabian species, which attains a length of about 18 inches, differs from its 
two nearest allies in the ndnute size of the scales co\'ering the body, coupled with 
the presence of a f<^w scattered somewhat larger tubercular scales on the flanks. 
Its colour is eith(U’ sandy gn^y, or greenish above, which may be either uniform or 
clouded with brown. The orinite thorny-tail ((7. of J^gypt and Syria, 

diflers from tlui other three members of the first group in that the scales of the tail 
form complete rings, those on the lower surface being as long as those on the upper. 

With the excerption of one species {U. th icrolepls) inhabii/ing Persia, thc^ 
members of tlu^ first group are confined to Africa, Arabia, and Syria, whert'as 
the three repnisentatives of the second gi*oup are exclusively Asiatic, one {D, 
lorical (is) being from Persia, the second (//. (t,s7)Vi(.ssi) common to Pei*sia an<l 
Baluchistan, while the third {U. //a/*(/nnV7/c/,) is an inhabitant of Baluchistan 
and Northtun India. In the whole of these three Asiatic sp(‘cies the rings 
of spiny scal(\s on the upper surface of tliii tail are Sf'parated from one 
another by i*ows of smaller smooth scales. In the Indian thorny - ta/d tlit^ 
spines on the tail are small, with the lateral ones the largest; there are no 
enlarged tuliercular scales on the back ; and the front surface of the thigh 
is marked by a large black spot. In size fliis species is much infmior to its 
Arabian congener, not exceeding some 11 inches in length. Its colour is eithi'r 
uniform sandy above, or tlie same spotted or mottled witli a darker, ami wliitish 
beneath, with the aforesaid dark mark on the thigh. 

Coiifoi*ming in their sombre coloration to the desert r(‘gions they 
frequent, the thorny-tailed lizards ar(‘ (‘iitircdy vegetable-feedei's, and 
live in burrows, resembling those of the smaller foxes, which are excavated by 
themselves. These burrows, which may be as much as 4 feet in haigth, sometimes 
turn almost at right angles to th(*ir original course, at a depth of a foot or so from 
the surface. Giuierally living solitary or in j)airs, these lizards are met with 
abundantly in parts of Eastern Persia and the Punjab, and wluMi approached at 
once make for their hol(‘s. If th(*y suce(*ed in getting tln^ir fore-limbs within 
the aperture of their burrows, it is impossible to pull tlnan out, for, as tht‘, 
writer knows by (ixperience, they will rather suffer their tails to be pulled from 
their bodies than let go their hold. They arc generally somewliat heavy and 
delibei*ate in the movements, turning their heads from side to side while walking, 
but are ca])able of running with tolerable speed. In the cold s(‘ason, at anyrat(\ 
tliey never leave their burrows till the sun is well up ; and while in Persia and 
India tla^y are commonly found on half-des(‘Tt gravelly plains scattei*(‘d over with 
low bush, the Arabian species is often met with in the clefts of rocks, whence it 
issues forth to bask on the smooth slabs or boulders. According to Brehm, as 
many as a dozen of these lizards may occasionally be seen on a single slab of rock. 
All the species appear to be timid and gimtle in their disposition, rai'cly, if ever,, 
attempting to ])ite when captured. Their food comprises leaves and flowers, dried 
fruits, and tho seculs of grass, as well as grass itself ; but although in the wild state 
they seem never to touch animal food, in captivity the Indian species will greedily 
devour meal-worms. According to Arab re})orts, the dabb never by any cliancc 
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drinks, oven when wator is at liaiul, and tliis statement has been conHrined by 
modern observers. By tlui Arabs tliese lizards ai’e fre(|uent]}^ tamed and kcjpt in 
captivity* and tlieir flesh, which resembles that of young chicken, is much 
relished by them as an article of food. Nothing appears to be known as to tlufir 
breeding-habits. All th(i species tlirivo W(‘ll in captivity in Europe. It is not 
Improbable, according to Canon Tristram, that the reptile mcntioifed in Leviticus 
under tlif' name of tortoise, is really the dabb. 

East African Two nearly allied lizards from East Africa — namely, A2^oroscell,8 

Thorny-Tailed primcep^i from Zanzibt^r and Somaliland, and A. hdiill iferiis from 
Lizards. Somaliland, — while resendjling the membcu-s of the preceding genus 

in general external cliaract(‘rs, difler in the absence of true pores either on the under 
surface of ih(i body or on the thighs, and are conscMpiently refcn-red to a distinct 
g(auis. Both aj)pear to be rare, and are of comparatively small size, the flrst- 
uam(‘d measuring only about 7 A inches in length. 

M 1 chL' ard more strange and utieouiL in appearance than the frilled 

lizard, is another Australian s])ec*ies commonly known as the moloch 
(MolocJf. horr!(J but termed by tlui s(‘ttleT*s tlui spiny lizard or thorny d(‘viL 
Hiis, the last nanaining representative of the agamoids, difters from all the other 
memb(‘ts of th(^ family in being covered with large conical spines, and in the con- 
formation of its mouth and teidh. In all the forms describ(*d abov(‘. the mouth is 


larg(' and the te(dh of both jaws are er(‘ct, but in tlui moloch tluj mouth is very small, 
and the cheek-teeth of the upper JaAV are placed horizontally, with tluiir summits 
dirc'cted inwardly. Al)Out 8 inches in total length, this extraordinary lizard has a 
small head, with an extremely sliort snout, on the summit of which are pierced tlio 
nostrils ; it has a much depi-essed body, a short and roumkal tail, and thick, powerful 
limbs arm(‘<l with strong claws. On each si<le of the head immediately above the 
small ey(‘ is a. largt‘ horn curving outwards and backwards, while there is a smaller 
conical spine ahov(i tlui nosti‘il, a second behind the horn oviu' the eye, a third and 
larger one in front (fl* each (‘ar, as W(‘ll as om^. on each side of the occiput. Between 
tlu'se spines the U])pei‘ surface of tlu^ head is ])rot(‘cted l)y small granular tubercles ; 
while among tlu^ s])in(*s on the upper surface of the body, limbs, and tail, are 
similar granules inba-mingled with polygonal scales of which the edges are in 
apposition. On the back the spines form tem or more longitudinal series, of which 
the outermost, are the larg*(ist. The lowta* surface of the body has a covering of 
rough, and slightly overlapping scales, among which arc numerous rounded and 
dveeled tubercles. In general colour the creature is yellowdsh, ornamented with 
symnuitrical clu'Rtnut or reddish brown markings (hdiiuid by darker borders. 

• Inhabiting Southern and AV(‘stern Australia, and being not uncommon in 
several localities in the neighbourhood of Port Augusta, the moloch is found only 
in districts wdi^re the soil is dry and sandy. Occasionally two or three may be 
observed basking in company on the top of a sandhill ; and it is the fretpient 
habit of this lizard to bury itself in the sand to a small depth below the 
surface. * Its small eye and general manner indicate pretty clearly that the moloch 
is diurnal in its habits, although it may possibly occasionally move about during 
the night. Although generally very slow in its movements, it has been known, 
• yvhcr\ disturbiMl, to make for a mdghbouring hole wdth considerable speed. In 
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repose it generally with the hiiad so raised as to he on tli^ level of the back. 
ItvS chief food appears to be ants, although vegetable substances arc. soiiuitimes 
eaten. The hanale deposits her (;ggs in the sand. To a certain dc'gree t)ie moloch 
is endued with the power of changing its colour to harmonise with its surround- 
ings, such changes taking place veiy gradually, although not unfre(|uently. I'he 
most g(m(jra] change is to a uniform sandy slate, or russet colour, when the 
ornauiontal markings almost compk;tely disappear. In spite of its ferocious and 
somewhat forbidding appearance, the moloch is a perfect!}^ harmless creature, its 
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formidable-looking armour being never used for attack. In captivity it is dull 
and sluggish, undergoing fasts of a month’s duration without any apparent incon- 
venience. 


TuE lUUAXOlD Lizauds. 

Family laUAmn.^. 

The extensive family of lizards, of which the vrell -known iguanas of South 
America and the West Indies are the typical representatives, may be regarded as 
occupying the same position in America as is filled by the agamoids in the warmer 
parts of the Old World. Whereas, however, the agamoids are exclusively denizens 
of the Eastem Hemisphere, the iguaiioid lizards are not absolutely confined to the 
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Avestorn half of the globe, two genera occurring in Madagascar, and a third in 
the Fiji and Friendly Islands. Although, with these exceptions, the family is 
unknowri in the Old World, the same perverseness which causes Anglo-Indians to 
speak of tlio Oriental crocodiles as alligators, leads to the monitors of the Old 
World being commonly termed iguanas, although few lizards are more unlike 
than the members of these two groups, both as regards external and internal 
characters. In their general structural features the iguanoids come very close to the 
agamoids. Thus in botli groups the head is covered with numerous small shields ; 
while the back is clothed with scales of diflerent kinds, which are often arranged 
in oblique rows. Similarly, the eye*s have round pupils and are furnished with 
well-developed lids, and th() dram of the ear is frequently exposed. Both groups, 
again, have two pairs of limbs, which may be relatively longer or shorter in the 
ditfei-ent genera, but are each provided with five toes. The length of the tail is 
subject to a largo amount of variation, although it generally exceeds that of the 
head and body. Moreover, the two families resemble one another in the form and 
structure of the tongue, whicli is tliick, shox't, scarcely notched, and generally fixed 
to tlie fioor of tin* mouth thi-oughout its length. When, however, we come to 
contrast tlie tedli of igmiiunds with those of agamoids, wii find a striking difference 
whieli at once serves to draw a sliarp line of distinction between the two families. 
As we ha^ already scoji, in the latter group the teeth are attacluKl to the very 
summits of the b()U(.‘s of the jaws (acrodont), and are coinmonl3^ differentiated into 
front teeth, tusks, and cheek-teetli. In th(‘ iguanoids, on the other hand, the tall 
and cylindrical teeth are attaclu‘d b^^ their sides to the outer wall of the jaws in 
the so-called pleurodoiit manner ; the whoJ(i series being generally more or less 
uniform in clicii'actt'r, and Avitliout any large projecting tusks. In the typical 
iguanas the teeth ha.\'(‘ somewhat diamond-shaped compressed crowns with serrated 
edg(\s; audit was from a suptnficial nssemblance to this type of tooth that the 
te(‘th of the great dinosaurian reptile from the Englisli Wealden received the name 
of Icjvamodo)!. A f(‘W gimera, again, hav(‘ the Uiath divided into three lobes, thus 
resembling a fleur-de-lis. Many species of the family are further cliai'acterised by 
having tc('th ofi the pteiygoid bones of the palate, while a single genus is one of 
the few lizards in which tluu'o are teeth on the palatine bones. 

• The iguanoids, which com])rise about three hundred species, arranged in fifty 
gfuiera, may” be regardial as (!specially characteristic of South anil Central America, 
although they extend into the warmer parts of the northern half of that continent, 
ranging in the vrest as far as British Columbia, and in the east to Arkansas 
and the Southerp United States, wdiile they are also represented in many of the 
American islands. Their occurrence in Madagascar (where, as in America, 
agamoids are waiiting) lias been ali*(;ady mentioned, and it is probable that this 
remarkable instance of discontinuous distribution may be explained hy the 
occurrence of fossil remains of species of tlio family in the upper Eocene rocks 
of France, wdiere agamoids seem likewise to have been wanting. 

Very variable in external appearance, iguanoids present equal diversity in 
their modes of life, ami it is not a little curious that, with the exception of the 
flying lizard, almost every group of the agamoids finds a parallel, both as regards 
^ structure and habits, in the present familj’' ; the two families being thus repre- 
» VOL. V. — 9 
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sentativc groups. Tlun^o are, howt^ver, certain iguanoids, such as the anolis 
lizards aiid the s(‘a-lizar<ls which have no rcpres(‘ntativ(*s in the ])rec(‘(ling family. 
The majority of the i^nanoids fee<l on ins(‘cts, altlioiigh sonu‘, lik'e^the true 
iguanas and the sea-lizards, subsist on a vegetable diet, whil(‘ one genus is stated 
to be omnivorous. Oidy two genera are known to produce living young. 

Anolis Lizards * forests, groves, and gardens of all th(i w'armer regions of 

Amei'ica live a number of b(*aiitiful lizards comnioidy knowjn by the 
name oF anolis, whicli is applied in the Antilles to some mem1)ei\s of the grouj). 
The distinctive featunis of these lizards are the pyramidal foj’in oF tlie head, tlie 
morh‘rately long neck, tlie presence of a bi*oad and gtaieu-ally laalliantly-coloured 
appendage on the throat of the males, the slender body, wliich may bo eithei’ com- 
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pressed, cylindrical, or slightly depressed, tlie relatively long liind-limbs, the largo 
feet, in which the toes are of viuy unequal length, and their middle joints expanded, 
Avith smooth transv(U'se plates on the under surface, and the long, curved, and sharp ^ 
claws, which are raised aliove the level of the expanded joints. Tlie tail is long and 
hard, although not pi'chensile ; the covering of v(uy minute scales on the back and 
ttdl is not unfre([uently elevatcal to form a crest; 'the cheek-teeth are characterisial 
by their distinctly tricuspid crowns ; and teidh are g(‘U(irally j)resent op the pterygoid 
bones of the palate. Lastly, these lizards jajssess the jiower of changing their 
colour to even a greater extent than is the case with the chamadeons. From 
among more than one hundr(*d species belonging to the giuius w(‘- select for 
illustration the ]’(Ml-throate<l anolis (Anolis carol inn't sis) ^ which inhalats the 
South-Eastern United States and Cuba, and presents the following distinctive 
features. The head, which is long, triangular, and depressed, is nearly smooth in 
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the young, but in tlie adult has \vpl]-nuirk(Ml frontal ridges, and soiiu^ lai-ge rough 
shields on tlu^ crown; and the appendages on tlie throat of the males is relatively 
small. Xhe body is not cojnpr(\ssod, flat beneath, and not keeled abov(‘ ; th(‘ scales 
on its ui)p(‘r and lowe^r surfaces being keeled and apimoaeliing an l)(^xagon?il 
form, with their edges (‘ither in a|)positi()n or sliglitly overlapping. The tail is 
<*ylindrical and tapt‘7‘i rig, with some slightly (*n larged scales on its iipj^ea; surface, 
and m'aHy (Mpial to tvvic(‘ th(^. haigth of tlui head and body. In the living animal 
the colour of the upjxa* sui-fac(^ is brilliajit metallic g»*een, and that of tlui under- 
parts silvery white ; the ap]>endag(i on the tln-oat of the males, which is covered 
with white scales, is r(‘d ; tlua-e is a large blut‘ eye-like vspofc above the axil of tlu^ 
fore-lind); and the region of tluj tail is ornamenterl with black markings. In 
some speciimais tin green colour ])asses more or i(‘ss distinctly into brownish or 
brown; and, when (^\cited, the creature is abhi to change its ge7i(‘ral hue from 
greenish gr(‘y, tln-ough dark gr(‘y and brown of all shad(‘s, to the ordinaiy nadallic 
green, in hmgth this lizai‘d \’a,ries from 51 to m airly 9 inclu's, accoi’ding to sex; 
fully two-thirds of thes(‘ dimensions being taken u]) by tlui tail. 

In Louisiana, ( Vrolina, and ('Uba, the r<‘d-throat(‘(l anolis is oiu' of the most 
common of lizards, and may be noticed in all suitabh^ s])ots, such as woods and 
garden-li(‘dg(‘s, as well as the ext(‘3‘i()i's, and somdJmes also tin; inimaoi's of 
dwelling-hous(‘s. Jdke tlu‘ir congcaiei-s, they ar(‘, howevcT, to Im' mi‘t with most 
abundantly in tla^ (h'ep woods, and then so clos(‘ly <lo they assimilate to their 
surroundings that thdr 2^resenc(‘, wlien at rest on a l)ough, is gemn'ally ojily 
rtjvealed by tl)(Mr brilliant (W(‘s. In houses, tlu‘S(^ lizards exhibit but little h'ar of 
man, running about with the* gr(‘at-(‘st unconcern in seaich of lli(‘S and otluT 
insects: and as, in addition to gnats, flies, Imiterflies, bedh^s, an<l s])ide]*s, tluw kill 
and (‘at wasps, scoipions, and otluu’ noxious creatures, thdr visits are imcoui’agiHl. 
In motion throughout th(‘ <lay, they displays (‘xtrirnu', activity^ and speed, both wlu'u 
hunting aiming the foliage of tret‘S oi* on the giound, pemneing U2)on tladr insect- 
pivy” lik(i a- cat U])on a mouse*. In the sjn-ing, iluring tin* bi*eeding-s(‘ason, the 
]nah\s disjday^ gnait jealousy of om* anotlu*!-, so much so, indeed, that wlnm two 
m(‘(d, a combat *is certain to (‘iisue, ami is often continued till one of the condjatants 
has lost its tail, which ap 2 )ears to lx* taken as an imm(*diate sign of defeat. JIuring 
these l)attl(*s the a])]>(Midage on the thrcjat is inflated, and tlu* changes of coknu* 
ari^*. more ra 2 )id than at any other time. With tla^ advent of summer, th(‘se mutual 
animositiiNS art*, howev(*r, f(U*gotten, and these lizards dw(‘ll together in perf(‘ct 
limity, sometim(‘S collecting in large comj)anit‘S. The females of some of the sjitdes 
are stated to dign hoh* for the ]*(*ception of their ft^w whiit.* i‘ggs with their foie- 
])awH, at tlu* f(.)ot of a. tret^ or in some moist spot n(*ar a wall, afterwards carefully 
covering th(*m with soil to ^^rotc'ct them from the vsun’s ray's. The figured kind is, 
however, said *to be 'V(‘iy careless in r(*gard to the place where its eggs are 
(h*j)osited : tliese b(‘ing found eithei’ on bare sand or rocks, or even in rooms. The 
Ted-throated anolis, like most of its kindred, can lx* readily tame(_l, and makes a 
most charming ped, which can be without much difficulty^ transjxmted to ]i;uro2)t‘. 
Wilting of a pair wliich Avei*e at oiu^ time in his j^ossession, Bell say^s that “ I was 
in the liahit of feeding tlu'iu Avith fli(*s and other insects, and liaving one day 
.placed in the oage Avith them a A'ery large garden-spider, one of the lizards darted 
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at it, Imt seized it only ])y the h'g*. The spider instantly ran round and round the 
creature’s nioutli, weavin;^^ a very thick web round both jaws, and then gave it a 
very severe l)ite in thi^ li]), just as this species of spider usually does with any 
largo insect it has taken. I'he lizard was gr(*atly distressed, and 1 renio\'ed the 
spider and rubbed oif the web, the confinement of which appeared to give it great 
annoyance; but in a few days it died, tliough previously in as j)(*rlect health as its 
companion. The lizard was evhlently uuuse<l to the wil(‘S of th(‘ ]>riiish spider.” 

The ci‘<isi(.‘d anolis (/I. belonging to a small group, witli compressed 

and crested bodi(‘S ajid tails, is i’emarkabl(‘ for the great extcait to which tlie pouch 
on the throat can inflated, — probably for tlui purpose of terrifying foes. 

Two lizards, r(‘spectively fj*om Jamaica and Colombia, differ 
froTu all the species of true anolis in having ])rehensile tails, in 
conse(jucnce of winch they are referred to a distinct gtunis — Xiph oca reus. In a 
third genus, ClHtnuAoJ the chei^k-teeili hav(‘ smooth and mwirly spherical crowns. 

The sti'ange form of tlu^ members of the pr(‘s(‘nt g(‘nus of 
iguanoids probably suggested to the t‘arller naiura, lists tlu^ imposition 
of the name basilisk, — a t(‘rm which, as all our readm's ar(‘ <loubth‘ss awan*, 
originally denoted a fabulous snake-like rt‘])tile before Avhos(‘. deadly glance (‘very 
living being save th(‘ coedv perishiMl. Pxi this as it may, the n‘piil(.‘s now known 
as basilisks are large, although ])erf(‘ctly harmhsss jmunbers of th(‘ presiait family, 
belonging to a grou]) distinguished fjom the pr(‘C(‘<]ing on(‘ by the al)S(‘nc(i of 
dilatation of the to(‘S, and the Jiiorc or less mark«Ml backwai*d ju'olongation of the 
hinder j)ortiou of the head. In the ])resence of a large crest on the u])pei- surface 
of th(i tail, the basilisks iHicall the sail-tail(‘d lizards in th<‘ agamoid group, of 
which, indt‘ed, th(‘y ma}^ ha regardcxl as the r(‘-])r(‘S(‘nta lives in th(‘ [UH'siait family. 
As a genus, they are charaet(‘r*is(‘d by the lujad in the adult males b(‘ing ])roduced 
backwards into a laiige cartilaginous lobe; by tlu* com])ress(‘d foi-m of th(‘ body 
and tail, which are covei-ed with small ()verla])])ing scah‘s ; and hy th(‘ ])resenct‘ of 
a crest on tlie ])ack and tail in the males, su(*h cn'sts being always su])port(*d on 
the l)ack by the prolonged spines of the vt‘rtel)r:e, and fn'cpumtly also in th(‘ tail. 
Although there is a transverse fold on tlie throat, th(‘ pouch charaetm'ising tlui 
anolis lizards is wanting. The long lim])s arc^ cov(‘red with keeled scales ; and tlie 
outtu' sid(‘s of the hind-to()s have a much dt*V(‘l()])ed lobe of skiji. ddiii ch<‘t‘k-ti*(‘th 
liave thre(‘-cusped crowns ; and teeth are lumne on the pt(‘rygoid b()n(‘S. Internally, 
the basilisks foi-m an exc(^ption to tin; niemlx'rs of tliis and the two pr(iC(‘ding 
iamili(^ in that th(‘ inner extremities of the collar-lKuies lun'e a. loop-like expan- 
sion, as in tlie geckos; while th(‘y difh'r from the anolis lizards in the abs(‘nce 
of the false abdominal ribs so fre(|Uently present in this and the ]>r(‘c(‘diiig families. 

The basilisks are represimted ])y four specie's fi'oni Tropical America, among* 
which the figured hidmeted basilisk (JinAJ Ifirus ((iiH'rirnn (fs) iv tlu‘. one im^st 
commonly kiKwvn. It is tlui largt'st representative of the gmius, attaining a length 
of about 31 inches, of which n(*arly three-quarters is taken up by the tail; and is 
one of two species characterised by the givat lieight of the cr(‘st of th(‘. tail in 
the n\ales, which is supported by prolongations of th(‘- s]>ines of ihe vc'rtebna 
Inliabiting Panama and Costa Rica, it is specially chai-acteris(Ml by tlu; undividcnl 
head-crest of the males ; while the scales on the under surface of the body arc 
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'Smooth. Tho luitural colour of the creature is probably green, although specimens 
presoi'vcil in spirit arc oli\'c-brown abov'c, aid dii’ty white beneath. Tht; back is 
marked with more or less di.stinct blacki.sh transverse bands, while a lightish 
streak i-uns IVoni the temples to the neck, and a more delincd one from the I’cgion oT 
the i‘ye to the fore-limb. '.I'he banded basilisk iji. vUtaiun'), ranging from Mexico 
and Ecuador, rt'presonts a second group of the gemis, in which the tail-crest of the 



1IK1.MKTI:1) lUblLISK (J lull, .si/sc). 


males is low, and not supported by bony rays. In this species the scales of tho 
under surface o*f the body arc keeled, wh<;reas in tln^ allied B. (jalcainH they are 
smooth. In general appearance all the basilisks suggest the idea of lizards upon 
whose backs has been grafted a iish’s tin. As regards their habits, all the members 
of tbe geiius spend their time eithm- on trees, or bushes, often basking in the sun on 
fallen stems, ami seldom, if ever, venturing far from the neighbourhood of water. 
Most numerous in the \icinity t)f rivers, basilisks are, imh'ed, so common in 
■Gjiatemala, that the collector has no difficulty in obtaining as many specimens as 
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he may desire, although the rajndity of their movements is so great that some - 
practice is required to effect their capture. Their food is entirely of a v(,‘getablo 
nature; and to gjither this the basilisks are astir with tliti first rays* of dawn, 
vfhile during the lu'at of the day they ])refer to rest among tlie most h^afy bouglis* 
At the sliglite>»t sound, th(?y raise the liead, inllate the throat, and elevate the 
crest; and as soon jis the bright, yello^v-irised eye detects the prc'sence of a foe, 
the basilisks throw themselves instantan(‘ously into the waten* above which they 
are usually reposing. In swimming, the head and neck are luised, the fore-limbs 
serv(i tlie 2>^u’t of propellers, while the cnistod tail acts as a rudder; liencc tluj 
common name of “ferrymen” is ajqdied to thesti lizards. At the end of April or 
bt‘ginning of May the femah) lays from twelve to eightinm eggs in some cranny at 
the foot of a tree, where they ai*(i h‘ft for tlui sun to hatch. 

Ridge-Headed Nearly allied to the basilisks are th(‘ thr (‘(‘ species of ridge-headed 

Lizards. lizards {CoinfUtopJaiueH) of Central Amei’ica, charactej*ised by the li(?ad 
being prolonged backwards into a bony, h(‘hnet-lik(i ])roj(‘ction, while the tail is 
devoid of a crest, although the neck and ])ack are jirovidcMl with a low apjicaidagcj 
of this natui’e. On the throat there is both a jjoiieh and a transversi* fold. Tla‘ 
most interesting of the thrcai sjK'cies is tlu*. on<‘ naiiKMl (\ Itct'un itdrzi ^ in which tla^ 
]u‘ad is crowned with a lielniet-like jmdongation so like that of tin' chain, ‘el(‘on th.at 
the creature is commonly siiokeii of under that nam(‘ by th(‘ Mexicans. Lik(^ tlu^ 
anolis lizards, these reidiles are in tln^ constant h,*ibit of changing tlaa’j* sonu^whfit 
somlire coloui's; and it has been observed in a captivt^ sjx^cimen that wher(‘iis th(‘ 
])atch on the jiouch was white during tlie da3\ at night it assunn^d, ]ik(‘ the othm* 
light jiarts of the body, a blackish hue. 

While agreeing with the basilisks in having the ])lat(\s on the 
Stilted Lizards . ^ ^ i 

under surface of the toes distinctly keehxl, theix^ ,‘ire a numb(‘r of 

genera in th(^ family distinguished by th<‘ absence of any backward ]>rolongiitiou 

of the crown of tin? head. Among these we select for numtion th(‘ stilbxl lizards, 

sp(‘cially characterisixl by the large size of the occij)ital shiedd of tlK‘ hearl, the 

presence of a vacuity in tlie bri'ast-bone, the small or modei*atc-size<l scales ol* the 

tail, the long and highly curved toes, and the 2>resence of tnsk-like teeth in 

the jaws. There are but two representatives of the genus, both of which havci 

a wide distribution in South America. The figured sjx'cies {Ura n isnx/tni t(Vthra)^ 

which attains a length of about a foot, two-thirds of which are occiqhed by tlui 

long and cy]indri(*.al tail, lias a short and frog-like head, raised into curvtMl ridges 

over the eyes, with tlie muzzle very blunt, and th(j lowei* jaw longer than the 

uiqjer. TIk^ skin of the n(‘ck is curiously jiuckcred in fej-iorly, t^]lo folds forming' 

a jiair of jiouches on tlie sid(‘s, although there is no jxnich on the throat. In 

form, the body is at most but slightly comjiressed, witli a low and slightly serrated 

cr(‘st running from the naiie down to the back; and the uniform scales of the 

back are small and ovaudapjiing, and those on tlie toj) of the liead cailarged. The 

long and bent toes are markedly compressed, and are furiiislied with short but 

strong claws. In coloration this six^cicss is one of the handsom(*st of its ti*ihe. The 

general ground-colour of the ujijier-jmrts is reddisli or 2nn*j>lish brown, ornamented 

with mon^. or less distinctly defined blackish transverse liars; a broad black band 

traverses the fold in front of the shoulder, and may extend across tlie naiie ; while 
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• rroqiiently in front of this band tliere is a Jar^e ycdlowish orang-c spot on each side 
of tlic neck. Below, tli(i colour is brownisli or yellowish, which may be either 
uniform 0*1* cloud(*d with brown markings. An inhabitant of th (5 great prinu'vuil 
forests of South America, the stilted lizaivl has the j)ower of changing colour, 
and is eonsetiuently often designated a chamadeoii. It generally associates in 
pairs, dwelling among trees, and its food appears to be entirely of a vegetable 
nature. \Vlu‘n disturbed, it rushes suddenly up a high branch, wIku'O it stands 
witli outstretched head and neck and widely open eyes, gazing steadily at tliO 
intrud(u\ Should it b(i unabk^ to escape otla^rwise, the creature raises its neck still 
higlier, inflatt‘s the n( 3 ck-i)ouch(^s, ami, with a sharp cry, springs boldly into the air. 

There are a very huge number of genera, agreeing with those hitherto noticed 
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in th(^ absence of ]K)r(‘s 011 the thighs, which tht‘ limits of our space pi'event us from 
even mentioning. We accordingly pass on to the consideration of cei’tain repre- 
. sentativt‘s of the second gre*at group of the family, in which such poi-es are present. 

Both as regards the‘ir fauna and flora, the Galapagos Islands 
The Sea-Lizard. altogeth(‘r apai't fi*om tiiei re‘st of the; world, the gr(‘ater numbe^r 

of their animals and plants b(‘ing absolutely juculiar, — it may be specifically, or it 
may be gema'icall v, — while lu'rbivorous ivptiless take the place; occupied on the 
ce^ntinents e)f the' woi'ld by vegetal )le-e'ating mammals. In no case, however, is 
this faunistic peculiai ity meire' marked than in the; occiuTemce in such a limited 
areai of tivo elistinct geaa'ra of the' prc'se'iit family, each represented by a single 
spe'cies. lle'inai’kabh' alike' for special features conne'cicel with thedr deuititiejii, as 
we'll as fe)r their huge' lieidilv size, the*se‘ two lizards elitier widely from the rest 
of the family. ^Adu‘reas, however, th»' one* is a lanel animal, the othe;r ds uniejue 
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wob between the tcx^s. This lizard is the largest iiK^rnber of the family, and attains, 
a total len^tli of some 53 inches. It is characterised by th(‘ compr(‘ssed foi*m of the 
body and tail, and the extremely short and tjaincated head. A well-marked cref^t 
runs from the impe of tlie neck to the tip of the tail, and tlie whole Imild of the 
animal is stout and chubby.” The throat is devoid of a pouch, alt! lough it has 
a well-markeel transverse fold, and the toes are laterally coinpi (‘ssed. In the small 
and convex head the nostrils arc situated near the end of the inuzzk*, the eye and 
aperture of the ear are alike small, and the upper surface is surmounted by a 
number of conical spine-lik(3 shields of r(‘Jatively large size. The inv(3sting scales 
of the body are small, and although keeled on the back, are smooth below. In the 
stoutly-made limbs the toes are rather short, the third one in the hind-foot- being 
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strongly scTrat(".<l on its inner bordci-ol* its basal joint. Tlje coni])i‘ess(Ml and crested 
tail is abo.ut e(|nal to oiui and a half tini(?s the length of the head and body, and is 
covered ^vitll equal-siz(‘d keeled scab's. In colour tliis lizard is black or blackish 
brown above, with the abdomen and tlie inner surfaces of the thighs not indVequently 
of a dii-ty whit(\ Tn tln^ young stai<‘, howev<*r, the upiMU- 2 )arts are brown with 
paler spots, and niort^- or less distiiictly niarki'd dark crossbars on the back. In 
weight, *full-grow]i exani])les reach as inucli as 20 lbs. 

Th(' S(ui-]izard is exti'emely common on the rocky coasts of th(' vai'ious islands 
of tlie Galapagos Grou[), l)ut is sekkan found more than soim^ ten yards from the 
shore. Of its habits Darwin wrib's that “this lizard swims with j)erfect ease and 
(juickness by a s(Tp(‘ntiiH‘ niovtanent of its body and flatbmed tail — the legs being 
motionless and closely collapsed on its skk's. A s(‘aman on board sank one, with a 
heavy weight attached to it, thinking thus to kill it diivetly : but wh(*n, an hour 
afterwards, he dri'W uj) the line, it was cpiib^ active. Tlndr lind)s and strong claws 
are admirably adapted for crawling over tlui I’Ugged and fissurtMl masses of lava, 
which everywher(* form the coast. In such situations, a group of six or seven of 
tlassii hideous r(‘)>til(*s may oFtentimes Ixi seen on tlai black rocks, a f(‘Av feet above 
tli(‘ surf, basking in the sun with outstretclRM 1 k*gs.” After mentioning that the 
stomachs of sevt'ral ('xam])k‘s that weri' (examined contained finely minced seaweed, 
and also ol)S('rving that th(‘ dj*ov<‘S seen swimming out to st*a were doubtless in 
si^arch of food oF ibis natun*, tla^ same author ])roc(‘(‘ds to stab^ that, wIkui frighteiu'd, 
these lizards absolub'ly refuse to enter tlui water. “ Hence,” he continues, “ it is 
<‘asy to drive ilu'se lizar<ls down to any little point overhanging the sea, wln're they 
will sooma* allow a p(*rson to catch hold of tlu'ir tails than enter tlu' water. They 
<lo not s('em to hav(^ any notion oF biting, but when much frightened they squirt a 
<h’op of fluid from (‘ach nostril. 1 threw on<‘ several times as far as 1 could into a 
<k‘(!p pool k‘Ft by the ndb ing ti(k', ])ut it invariably returned in a direct line to the 
si)ot whm-e I stood. It swam Jiear the bottom, with a very graceful and rapid 
mov(‘ment, ami occasionally aided itself over tla^ uneven ground with its feet. As 
soon as it ar];jved near tlu^ e(lg(‘, lait still being under water, it tried to conceal 
itself in the tufts of s(‘aw(‘ed, i)r it (‘iib'red some crevice. As soon as it thought the 
danger was past, it crawled out on the dry rocks, and shulUed away as (juickly as 
it could. 1 sev(‘ral times caught the same lizard ])y driving it down to a ]K)int, and, 
though possessed of such pei’fect pow(‘rs of diving and swimming, nothing would 
induce it to entc‘r tlu' water ; and as oft(;n as 1 threw it in, it i*eturned in the manner 
• above described. Ikubaps this singular piece of apparent stupidity may be accounted 
for by the circuin stance that this reptile has no enemy whatever on shore, whereas 
•at sea it must often fall a prey to the numerous sharks.” Later observers have 
borne testimony to the (‘xtraoi-dinary numbers in wdiich the sea-lizards are to be 
met with in thb Galapagos, and likewise as to their food consisting mainly of broad- 
leaved sea-leaves. 

Galapagos Although originally included in the same genus as its aipiatic 

Land-Uzftrds. cousin, there sc'oms no doubt that the land-lizard of the Galapagos 
{(hnolophus suh(yri^i(ifas) in entitled to stand as the representative of a distinct 
generic group ; the nearly cylindrical tail and perfectly freci toes being distinctive 
’ characters which cannot well be overlooked. Kot reaching within some 11 inches 
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oE the dimensions attained by the last, this lizard is likiiwise a stoutly - built 
creatures, with the rather small head slightly longer than broad, the body some- 
what depressed, a slight spiny cri^st on the nape, contiinu‘d as a low ridge 
01 / the back, and tlic‘ scales of the latter small and keeled, while the slightly 
larger ones on , the low(‘r surface are smooth. Although devoid of a pouch, 
and with but a very slight transversii fold, the thnmt is strongly plicate 
longitudinally, and is cov(a*ed with minute granules. The stout limbs terminate in 
very short toes, of which the third in the hind-foot is serrated on the inner margiii 
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of its basal joint. On the tliigh the pores are arranged in a long seri(‘s, and vary 
from seventeen to tw(‘nty-one in number. In Icrngth the tail scarcely excee<ls the 
h(‘ad and body, while in form it is slightly compi‘ess(‘d, having a low ridge 
superiorly, and being covx‘red with small keeled scales of uniEorm siz(‘. In general 
colour the creahire is dai k brown, with the head an<l undei-parts llglitia*. 

Those lizards are CAaifined to the central islands of the Galapagos Group, such 
as Albemarle' and Jamt‘s Islands, where they are found in gr(;at immlxu’s in the 
low barren distiacts near the coasts, although also met with in the (devatgd damp 
i’(‘gions of the intei'ioi*. On James Island Darwin found them so nunuu'ous, that 
it was difficult to obtain a s])ot free fi'oin their burrows on which to pitch a tent. 
Attaining a weight of from 10 to 15 lbs. th<‘se lizards are lazy and sluggish 
in their iiKwements, crawling slowly along with th(*ir bellies and tails dragging oiv 
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tlie ground, and <jft(*.n stopping for a minute or two to doze with closed eyes, and 
the hind-limbs stretched out on tlui ai*id soil. According to l)ai*win’s account, 
“ they iijphabit burrows, whicli tliey s()mt‘timt‘s make bcitwecm fragments of lava, 
but more generally on level patches of th(‘. soft sandstone-like tufa. The holes *do 
not appear to be very deep, and tliey enter the ground at a small angle ; so that 
when walking over these lizard- warrens, the soil is constantly giving way, much 
to the annoyance of the tir(‘d walker. This animal, when making its burrow, 
works alternatt^y the opposite sides of its body. One front-leg for a short time 
scratches up the soil, and tlirows it towards the hind-foot, which is well ])lac(Ml so 
as to heavcj it b(‘yond the mouth of the hole. That side of the body being tired, 
the other takes up the task, and so on alternatt‘ly .... Idiey fe(?d by day, and 
do not wand(‘r far from their burrows; if frightened, they rush to them with a 
most awkward gait. Except wh(‘n running downhill, they cannot move very 
fast, apparently from the lateral ])osition of tlunr l(‘gs. Idu'y are not at all 
timorous; when attiMiti\'ely watching anyone, they curl their tails, and, raising 
tlumistdves on th(‘ir front-legs, nod their heads vertically, with a qiiicdv movement, 
an<l try to look v<‘ry hia'ce ; but in reality they are not so at all ; if ()n(‘ just stamps 
on the ground, down go their tails, an<l off tluy' shuilh) as (|uickly as they can.’' 
ir worri(‘d with a stick, these lizards will bit(‘ it sevaa-tdy ; and wlum two are held 
togetlnu' on tlu‘ ground, tluy will light and bite till blood llows. ‘‘ 1'he individuals, 
and th<‘y are the greater numl h*i’, which inhabit tlu^ lower country, can scarcely 
tast(‘ a. di-op of wat(‘r throughout tlui yaair; but tlu‘y consunu^ much of the 
suceul(*nt cactus, the branches of which aa’e occasionally brokcai olf by the wind. 
1 sevei’al tiin(‘s threw a y)i(‘C<‘ to two or* thr(‘(‘ of them wluai tog(‘th(‘r; ainl it was 
amusing (‘uough to see them trying to seize and carry it away in tludr jnouths, 
like so many hungry dogs with a bone.” Tluy' also t^at tluj leaAu^s of several trees, 
more es]H‘cially oF an acacia, to obtain which they ascend tlu‘ low stunted ti*e(‘S, on 
the boughs of which tlay may ofbmbe obs(‘rv(‘d (juietly feeding. Tlu‘ f(‘mali‘S lay 
larg(‘ (‘ggs of an (dongatcHl foi-m in their lairrows; both these and the Hesh of the 
lizards tluanselves being (‘attai by the inhabitants of the (Tala])agos. 

Th(‘ true iguanas, of which there are, two closely-allied species 
True Iguanas, 1h*opical America and the West Indii‘s, ditler from tlui two pre- 

ce<ling genera in that the (‘dg(‘s of the crowns of the cheedv-teeth are serrated, whih^ 
the front t(‘eth are simply conic,al. The distinctive featuivs of the igminas are to be 
found in the long and much compressed body, ilie large four-sidtMl head, covercid above 
• with eidarg(Ml scales, tlu^ short iH*ck, powerful limbs, long-toed feet, and the much 
(dongated tail, ^ipon which the scah‘s an^ uniform and keeled. Th(5 throat is 
J*urnish(‘d with a lai-ge non-dilatalde appendage, in front of which is a crest of larg(‘ 
coinpress(Hl scal(‘s; and a continuous crest of long s])ines runs from th(‘. nape along 
the back, and ?s continued as a- judge on tlui tail. 1’he scales on the back are sjnall, 
e(|ual, and kiuded ; tlui iu‘ck has some scattered huge conical or bluntly -keeled 
tulua’cles, a-nd tlua-e ani also some large tubercular scal(‘s on tlui sides of the throat, 
more esjk^ci ally on(‘ below the a]>(‘rture of the ear ; while on the un<ler-})arts tht^ 
scales are eithm* smooth or slightly keeled. The pores on the thighs aiv numerous, 
and, in addition to lhos(‘ in th(‘ margins of the jaws, there ai*et(‘eth on tlu^pteiygoid 
bones of the palate. T1 h‘ common iguana {Iguamt iiihercul(ftn) attains a length 
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of as inucli as a ya-rd aiul a lialf, two-thirds of which are occupied by the tail. The 
j^cneral colour is ;^reeu or yrt'ciiish, becoming lighter on the undt‘r-parts ; but the 
surfactJ iiiay be eitlier iiiiilorm, or varit^gated with darker browiiisii bands, 
the flanks usually having liglit-edged vertical dark bars, while the tail has iiiore 
or less <listinct dajk rings. There is frecpiently a whitish band in iront of the 
arm, and some of the largo tubercular scales on thti sides of tlie throat and neck 
are often light-coloured. 

Both sp(‘ci(‘s of iguanas, of which there are sevtu’al varieties, are essentially 
arboreal lizards, g(‘nerally fivquenting those regions of the forests where thc^ trees 
overhang the water. Ibu'o they move with great agility, climbing or s}>ringing 
from bough to bough, while the liarmony of their coloration to their surroundings 
nmders tluan wtOl-nigh invisi]>l(\ Tovvai-ds eveming they not unfri^jiientl}^ dt^sciaid 
to the grouiul to f(‘ed ; but, when frightened, immediately rush to the to[>most 
boughs of the trees, or ])lunge lieadlong into deiq) wat(T. In the latter ehajumt 
they are, indeed, p(‘rft'ctly at home, ami swim strongly and swiftly, ^^'ith th(‘ir limbs 
closely applhal to thdr bodic's, and impcdled Ijy tlulr powc'rful tails, dduy art? 
likewise expert divers, fr(‘(|uently 1 ‘emaining for a consid(‘rabl(‘ time btOow the 
sui’face ; their activity in the wat(T being such that they are ablt‘ to avoid all 
enemies save crocodiles and caimans. 'Jiadr chief food consists of h‘aves, flowtu’S 
and berries, although they will also eat ins<icts ; the nundjei-s of small woi*ms 
sometimes found in tludi' stomachs having }>roba])ly been swallow(‘<l accidtmtally. 
(.3en(‘rally seeking to (‘scape at (3nct? from human beings, iguanas wlu‘n unable to 
flee sliow fight, (meeting tludr lu‘ads and assunnng a lierce as]K‘ct, while at close 
(juarters they bitt‘ savagely and administer s(‘vere blows with tludr pow(‘]*ful tails. 
The female deposits from eiglit to seventeen eggs in a ho](‘ dug i?i sandy soil, but 
as several individuals will not unfre(jU(‘.iitly lay tog(‘ther, as many as ten doz(‘n 
(‘ggs may be found in a single nest. In spite <if tludr somewhat repulsive' appi'ar- 
ance, iguanas an? huiit(?d for the sake (^f theii* fl(?sh, which is white in colour and 
delicate in flavour, and is said to resemble the breast of a chicken. d'h(‘ (^ggs also, 
which consist almost entirely of yolk, are liighly este(‘med as avticli'S (jf di(*t. 
Iguanas ar<i gcmerally captur(‘d by m(*ans of noos^^s, which are thrown over tludr 
heads as they ivpose on the brancluis. The much smalhm horned iguana (d/c/o- 
poerros rornutiis), of San Domingo, constitutes a separate genus, distinguished by 
the pres(?nce of an inflatable pouch on the throat. 

Ring-Tailed The West-lndian ring-tailed iguana {0)jvlur(i carinaia ) is selected 

Iguana, to repres(‘nt a group of genera distinguished from the for( ‘going by 
the crowns of the cheek-teeth being thnv-cusped or simply conical. While four 
of these genera — among which is the Fijian iguana {Brachylophufi — 

are characterised by the sliortness of the row of pores on the thigh, the present 
s]:)ccies is one of those in which tliey form a long seri(‘s ; and it is"* further char- 
acterised by the presence of a seiTated crest down the back and tail, and also 
of a pouch and slight transverse fold on the tlnmt. The head is ]{ng(‘, swollen 
below the ears, and furnished with enlarged scales on the snout ; while the body 
and tail are compressed, the body being cov(med with small scales. The species 
derives its name from the rings of keeled scales which form regular segments on 
the sides of the tail ; each segment being composed of from three to five series of 
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small scales, and a single scjries oi* laj-ger and soniewhai spinous ones. The toes 
are comprt\ssed, and covered ))elo\v with keeled platt‘S. In total hmgth this iguana 
reaches about 4 (S inches; and its general colour is green or dark olive, S2)eckled 
with darker and lighter, and IVecpieiitly marked with blackish transverse bands. 
The ring-tail(‘d iguana is a somewhat local speciess, occurring most almndantly in 
Jamaica, on the limestone mountains in the neighbourhood of Kingston Harbour 
and Goat Island, ])iit also met with on the low grounds lying between the coast 
ranges and the higlur* mountains of the interior, where hollow trees occur. Shy 
and retiring in their habits, the creatures live in pairs, and display no great partiality 
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for water, although, on occasion, they can swim as well as the true iguanas. They 
feed mainlv or*('ntirely on grass, an<l when distui'bod in grazing, these r(‘ptiles 
rush back to th(‘ tre(‘S with extraordinaiy s]R‘ed, sometimes taking great leaj)s like 
a frog, although 1lu‘ii’ movcimmts ai'c generally deliberate^ and slow. If unable to 
escapes, thoy sli^w light in much the same way as tlu' ti’ue iguanas. The breeding- 
habits of tliis sp(^ci(‘s <lo not appear to be known, although tlu‘ ftanales of the allied 
black iguana ((Vc)n>.sYn//v/ iicdnilninO oi California are in the habit of laying in 
company* like the trm^ iguanas. Tht^ ring-tailed iguana exhales a peculiarly dis- 
agre(‘able smell, which is stated to b<‘ so objectionable as to causi^ even the ants to 
forsake, a room into which on(‘ of tlu^se cri‘atures is brought. For this reason its 
flesh is uneatable, although that of the l)lack iguana is highly esteemed. 
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We ]ia,ve not hitherto mentioned that the vei'tebrm of tlie 
Extinct Iguanas, diiiia* from tliose of the a^amoids and most other 

memhei's of tlui suborder in bcdn^* furnished with additional articular fac(‘ts like 
those of suaJ<(‘s. V(‘rtebi-a* of this 2>eculiar tyjx' occur in tlu‘. upper Eocem^ ]*oeks 
of Eno'land and tlu^ Continent, and liave been provisionally assioiuMl to tlu* typical 
f^enus aJtliou^’h it is more likely that they indicate an extinct }j;*enus. 

Somewhat similar v(‘rU‘bra5 from the correspomlin^* strata of tln' United States 
hav(^ IxMui describ(‘d undc'r the name of lifua ua 

The last and at the same time tlu' most pi‘euliar nuunbers of the 
Horned Lizards. family are the horned lizards of North Amei'ica and Mexico, 

which may bi‘ rt^^arded as the J*epresentatives of the moloch lizard amon^ the 
a^amoids. From their short, rounded heads, abbreviated bodies, and shortemsl 
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tails, coupled with a general batrachian appearances tht^se lizards are commonly 
termed toads in America, the po])u]ar name of the 1i;rurcd sp(‘ci(‘s {Rhrf/ifos<nna 
corn af trui) bi*in^ tht^ Califoi'iiian toad. 8ti‘an^*e, not to say u^ly, in appearance^ 
these lizards arej at once distin^uisliod from all thidr allies by the^ })n*se‘nce ejf 
seveual bony s])in(‘s ]UT)jecting from the back of the sheatened head, and eif tubercles 
or s[)ine‘s scattoreel amem^ thei orelinary scales of the‘ body. In fe)rm, the body is 
broad and eleprevssed, witliejut any creist down the back ; and tlui tail is very 
thick at the l)as(‘, and nevtu’ lejn^er than the. body. The limbs are rather lemg, 
with poi-es on the thi^dis, anel keedeel platens on the lower surface's e)f the toes. 
Frejin me)st e)then' members of the family the.se lizards are furtlnu’ distin^uisluMl 
by the abs(*nce of teeth on th(‘. ])alat<e Of the Wedve sp(‘cies of tln^ j^<uius the 
best known is the common horned toad, luTewith figured, which has the tail longer 
than the head, distinct spinels on the back, ami the drum of the ear naked. Its 
general appearance is even more than superficially toad-like, the head being as 
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^ broad as long, and the body remarkable for its extreme plumpness. ]\I ensuring a 
little over 5 inches in Imigth, tills species is ]*ather linndsomely colour(‘d. Above, 
the ground-colour is greyish or bi'ownish, witli a more or l(\ss \vt‘ll-mark(‘d light 
stripe down the back, and dark brown spots at tlui bas(‘s oi‘ t]a‘ largcu* spine'?;; 
while the^j’e aie likewise*, maikings of thei same colour em the na])e and liead. 
Beneath, the hue is yeilkiwish, with oi* withemt a few small bj*owji*‘spots. In twe> 
spe3cle‘s oC the ge'iius (<‘.g. 1\ hr a /‘as) the tail <l(je‘s iiot exce'ed the) he.‘a<l in length. 
Tlie conime)!! s[K*cies is found le)cally in sandy elistricts beith em the* plains and 
mountains, and is in some place's abundant, althenigh from its cedemxtiem frequently 
eseaiping nextice*. In spite* e)t‘ its seane'what formidable^ aj)])(*arance*, it is a harjide*ss 
cre^atuiv, imt attempting to bitei even when capture'el. Lacking the protrusive 
tongue of the^ chamab'on, and beang eh'barreMl by its clumsy fe>rm fremi running 
last, the^ hexrne'el lizai'd is unabhi te) capture the swifter inse*cts, and cons^*<|uently 
pj'eys upon sand-haunting bt'etle's, whost* spe‘e*d is interieji* to its own ; such IJrey 
being ge'neixilly captured in the c'vening, ami the*, ci'eature lying passive on the* 
sand during the* (lay. Se>me spe'cie's ol* horne*d lizards ai’e re‘niai*kable as being 
the only ni(‘mb(*rs of tin* ramily, save one edlu'r g(*nus. which ])re)duc(^ living 
young; the* numbe*i* of young being in some* instances as many as twenty -four. 
Alwa 3 \s small fe*(*de*rs, th(*s(* lizards are capable* eii* unde'rgoing lemg fasts with 
im])unitv; and as the*y ai’e*. habituated te) a diy atmosphere*, and ju'obabl^^ neve*)* 
dj’ink, tlie^^ uiay be s(*nt j)acke.‘d in wadding long (listane*A*s ly post. 

The most rt'uiai kable ])(.*culia.rity connecte^d with tlu'se lizai*(ls is their habit of 
e‘J(‘cting j(*ts of blexxl fie an the e\a‘S, apparentlj^ as a me'ans e)f de'fe'nce. The 
following h'ttcj' from IVIj*. V. Lailev, W]‘itte*n frejm Oalifeaaiia, in bShl, ele*scribes tlie 
])he‘nome‘non as first ol)S(‘rv(*d ly him : '‘1 caught a horned toad to-day that ve*ry 
much surprise*d l)j-. Fishe*r and mj'se'lf by sejuirting bloexl fixan its eyes. It was 
on smo(.)tli ground, and not in biaish or we*eds. 1 caught it with my hand, and 
just got mv linge*i‘s e)n its tail as it ran. On taking it in m\' hand, a little je*t of 
blood spuj*t(‘d froni one (*ve‘, a distance of iifte*en inches, and spattere*d on my 
shou]d(*r. Turning it ove*)* to (‘xaminej the e^a*, another str(*am spurte*d from the 
otlier e*ve. Thif5 he* did four or tive^ times from both (.yes, until my hands, clothes, 
and gun wei*(* sprinkle*;! ov(*r with tine di'ops of l)right red blood. I jmt it in a 
bag, and carried it to camp, where*, about four hours later, 1 showe*(l it to Dr. 
Fishe*r, wh(*n it s]nirt(*d thive me)r(* str(*ams from its eyCvS.” The^ phenomenon has 
• been suhseepxently observed in othe*r spe*cime‘ns. 

The (bnoLEj) Lizakds. 

Family ZoxuniJKi:. 

Omitting mention of a famil^^ i-eprescnted onl^' by one3 genus {Xenomnriitl) and 
one species from Mexico, the* next gioup for consideratie)n is that of the girdled 
lizare.ls, frc#m Tro])ical and Mouth Africa, and Maelagascar, of which there are four 
genera. These lizards, which may be t*.ither snake-like in foian, or provideel with 
four fully-developed limbs, ditii'r from all those hithe*rto describeel, with the 
exception of ceiiain geckos, in having the temporal fossm of the skull ix:)ofe*d over 
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with bono ; while tliey are furtlu‘r characterised by a fold covered with small 
scales running aloii^ the sid(\s of the body and marking off the upper from the 
uuder-parts. The t()u;»^u(5 is simple, with its anterior nioiety not extensile, and its 
t'lp either roiind(‘(], or but slinhtly notched; while there are well-developed eyelids, 
and the drum of tlu^ (‘ar is exposed. The back is eithei* clothed with lai-ge shield- 
liko, ami mostly k(‘(‘led scah^s, arrangtHl in w(‘ll-mai*k(Ml transverse zones, or, more 
rarely, with granules ; th(j head having lai*ge, reguLir shi(‘hls. As I’egards their 
teeth, these lizai-ds conform to the pleurodont typo, (vich t(x:>th having its base 
withdy o[MUK Resembling in many respects the Jguanoids, from which they are 
distiuguished b\" the ossiiications in the skull, thes(i lizards also approach the 
members of the next iamily, Irom which they differ by tlaar simple tongues, the 
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spinous scales. Tlic teeth are suiall, and the roniided tongue is scarcely notch(‘d. 
The tigurtuj species (Z. cordijla^H), wliich attains a Icuigth of ratluir less than (S 
inches, generally lias the back and tail of a dirty orange colon)*; the h(‘ad and 
feet of a lightin* yellow, and the undei*-parts white ; although ther(‘, ai*(i consid(*r* 
able vai'iations f)T)in this nornial coloration. All the members of the genus inhabit 
rocky <listricts, and prefer those where there are ledgers, upon which the 3 ^ run in 
seaTch of ’food or warmth. They ai*e excellent climbei's, and faj* from easy to catch, 
often leaving their tails with their would-be captors. 

The Snake-Like Lizards. 

Family Axguji\e. 

Nearly allied to the preceding family" is a small group of lizards of variable 
bodil^^ form, typified by th(‘ common English blind-wonn. Rigid in their bodies, 
and liaving large symmetrical bony shields on tlui top of theii’ heads, these lizards 
res(‘mbl(*, the girdl(‘-]izai‘ds in tlui pr(\sence of l>on 3 ^ plates beneath the ov(irlaj)ping 
scal(‘s, and also in that tla^ tempoi*al fossae of the skull are roofed ovm" with bone. 
They differ, liowt^ver, in that the bon^" jdates beneath the scales are permeat(‘d by a 
series ol‘ radiating or ii-rc'gulail^" arrangiid canals; and also in the conformation of 
the tongm‘. 1'h(‘ lattca* is composed of two distinct portions, namel}^ a thick basal 
half, cov(‘red with villose papillas and a smaller thin tei*minal moiety coated with 
scale-like papilhe, which is (‘xtcnsilc', and capable of paiiial withdi'awal into a sheath 
formed I)y a- ti*ansverse fold at th(3 front of the basal half. As regards tlieir denti- 
tion, some forms have tub(‘i*cular or conical t(‘idh attached to the sides of the walls 
of the, jaws in thii typical pleurodont nianner ; but in the l)lind- worms the t< 3 eth are 
long, curv(Ml, loosel^^ attaclunl fangs, very like those of serpents. Instead of hollow- 
ing out tli(‘ basc^s of the old teeth, as in tin* preceding family, the new ones gi'ow 
up beneath tluaji ; and tluaxj may or may not be teeth on the bones of the palate. 
Some, of tlu^ members of the family agr(*e with the preceding in having a longi- 
tudinal fold along the sides of the bo(ty, while in others it is absent; and there is 
^a similai* valuation in external form, somi^ genera having full^^ developed five-toed 
lind)s, while in otluM’s all (external traces of these appendages have disappeared. Tn 
regard to the covering of the head, it should specially be noticed that there is a 
lai*g(3 occi])ital shi(*ld at its himler exti*t‘mity. All the species differ from the 
^ 4najo)aty of lizards in changing their skin in a single piece, like most snakes. 
'With the exception of some species of the Ameiacan genus (k‘rvhon<>iuK, Avhich 
ascend low buslu^s, all tliese lizanls live on the ground ; and the whole of them are 
carnivoi*ous, tlu‘ larger spe^cies preying on reptiles and other voj*tebrates, and the 
smaller kinds cm insects, spiders, slugs, and worms. While the blind-worms produce 
living young, the others lay t‘ggs. Containing seven geiK'ra and some foi*ty-five 
species, this family is niost numei’ously representc'd in Central America and the 
West Imfies, a few species occurring in North and South Amei*ica, two in Europe, 
and one in the Himalaya and Burma; all the forms with functional lind)s being 
American. Fi‘om limitations of space, our notice of the family will be conhned to 
•two of the snake-like genera. 
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Bcheltopusiks typical ro]:)rcsontaiive of tins genus of snak(‘-like lizards 

(()j)hi,s(U('i‘as ((jHts) was lirst discov(3red ])y Pallas in the wooded 
valleys of the ste2)j)i*s burdei'ing the Volga, wlu're it is known, in coinuKui with 
ti*ue snakt‘s, l>y the name of scheltopiisik, a tei*ni which may he convaaiiently 
applied to all th(i m(‘mbers. The species was subsecpuaitly discov(‘r(‘d in other 
parts of Russia' as W(‘ll as in Hungary, Istria, Dalmatia, (jlre(‘ce, Asia Minor, Syria, 
Persia, Transcaucasia, ^Vansylvania, and 1^l^k(^sian, while it is r(‘plac(‘(l in 'Morocco 
by a more brilliantly colouri‘d variety. Four other s])ecies arcj also known, which 
extend th(3 range of th(j genius to Koi'th-East(‘rn India,, Burma, and North America. 
Agreeing with th(^ American four-limbed genus Orn-Ifoao/ ns in tlui jwestnice of a 
fold along the sides of the bodj^, and the moiu* or less conical t(‘eth, tlu* scludtopusiks 
are distinguished by thtnr moderately elongat(‘d snake-like form, and tlui abscnice 
of functional limbs; tlui Europinin species alone having th<‘ hinder-pair r(‘pres(‘nted 
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by minute rndim(*nts on the 
sides of tlu^ V(‘nt. Tlu‘S(‘ crea- 
tures are cox ei’ed with scpiarcd 
scales, arrang(‘d in straight 
longitudinal and transven’se 
S(Ti(‘s; and tlu^y ar(‘ iurnished 
with teeth on tin* pt(‘rygoi<Is, 
and in e( stain eas(‘s on some 
oi' th(3 oth(T bojK's of the palate. 
The Europ(‘an s])(^cies, which, in 
addition to rudiments of hind- 
limbs, is distinguished hy an 
ap(‘rtui’(‘ to the (‘ar, attains a 
haigth of rather more than a 
yai'd, of which about two-thirds 
arti occupied by the tail. The 
arrangement of the shi(‘lds on 
the head is very much th(‘ same as in the blind-worm ; and the gcauu’al colour is 
brown, becoming lighter on tin; lower surface. Tln^ young are, howc^ver, olivo- 
gny, with wavy dai'k brown crossbands on the back, an<] bars on the sid(‘s of the 
head. Dwcdling among the dense underwood of thickly - W(!o<l(*d valleys, the 
schelto])Usik harmonis(is so closi*!}/ in colour with its surroundings, that it can 
only with difliculty be detectijd, as it glides away among the d(\‘id h‘av(is and 
sticks at the approach of a footstep. Althougli as free from v(;nom as ordinary 
lizards, it is fiXMjUently mistaken for a snak(\ and tlitai me(‘ts tlie fat(‘ whicli so 
often, under similar circumstances, befalls tlie IJind-AVorm. Pnying largely upon 
Tuice and voles, and not even hesitating to attack and kill tlu^ <l(Mdly viper, the 
scheltopiisik is, however, a fierce and active creature, gliding swiftly and suddenly 
upon its victims among the moss and leaves of the woods. It also subsists largely 
U})on snails; and is further reported to (^at the eggs and young of bii‘ds. ‘Its (ggs 
are laid undcir thick bushes and leaves. The scheltopusik is believed to be a 
long-liv(Ml animal, tlie natives of tlie countries it inhabits stating that its full 
period of existence is from forty to sixty years. Fossil scheltopusiks occur in 
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*tlie Mi()C(‘Tio clq)osits of Germany, some of wliicli belong to an extinct genus 
(J^r()j)!^cA{d()pi(s). 

TIk' want of a latm-al fol<l alonn* the body distine’uislies tlie 
Blind-Worm. , .,1 , 

blind-worm, or slow-worm {Anf/ms jr(i(jihs), in common with the 

remaining members of tlie family, from the scheltopusiks ; tlie bliiul-worm l)(‘ing 

fuiiher djstinguished from tlie oth(‘r gemera diwoid of this fold by the abstmee of 

all external tracii of limbs, and the fang-like form of its cheek-teeth. The 

appearanc(‘ of tln^ blind-worm, winch, by the way, is the sole i*(‘presentative of its 

gimus, is so well known as not to call for much d(*scription. It may be observed. 

h()w<‘ver, that the scahss are round(‘d in form, and arranged on the back in a 

(]uincuncial pattern, while on th(‘ sides iluw ar<^ disposed in transvoi*s(' rows ; tlic 
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•ears are usually covered with integument: and the palate is toothless. Attaining 
. a length of from 10 to 12, or evtm 14, inches, of which at least half is occupied 
•Jiy the tail, the l^lind-worin is of almost equal thickness throughout, although 
tapering slightly at thc^ tail. Tlie head is short and small ; the e^-es, although 
nunute, are bright and piei'cing ; and the tongue is but slightly notched. In 
the immature statt^ tlie upper-parts are silvery, with a dark line down the middle 
of the back, while the sides and under-parts are blackish. The markings, however, 
’ often disappear in the adult, or may bi' replaced by dark dots, the ui)per surface 
becoming ;it the same time brown or bronzy. The range of the vSpecies includes 
Europe, Western Asia, and Algeria. 

Gentle and inoffensive in its habits, and rarely attempting to bite even when 
rudely handled, the blind-woi'in is commonly regarded as one of the most noxious 
of^ reptiles. When captured, it usually contracts its muscles so foi'cibly as to 
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b<.*como pei*f('ctly rigid, in wliicb state it easily breaks if hciit 01* stiniek, thus giving 
origin to its Latin name. Generally fr(‘(juentiug ^Yuuds, lieatlis, and eommojis, the 
blind-worm is om^ oL‘ tie* hanliest of P>i*itish reptiles, making its a])])eai*auce in the 
spring at a-n (‘arlier date than any other kind. According to l>elk“it r(*tir(‘s in 
the autuTiin undca* masses of decayed wood or ]ea.V(‘s, oj‘ into solb, dry s('il, where it 
is covei'ed with luiath or brushwood, and pcmetrates to a considej-abl(‘ 4lepth in such 
situations by means (jf its smooth, rounded muzzle and ])<jlish(‘(l liody.’’ It iec^ds 
e.hietly ujam slugs, supphmiented by various ins(‘cts and worms. .In June or July 
t;he female produces from seven to tw(.Jv(‘ or thirteen living young, which are 
activ(j almost immedia-tely a.ft(‘r l)irth, and soon learn to r(‘(‘(l ])y t]u‘ms(‘l\'(*s. Like 
other vivipai'ous reptiles, the female is much givcai to basking in tlu^ sun during 
the period of pi-egnancy, in order that its heat may aid iji de^•(‘lo])ing the eggs 
eoiitaiiKMl in lua* body. 

The Poisonous Lizaiids. 

Family Uelodkilma tid.e. 

Two conspicuously coloured lizards, ranging IVom tin* isthmus ol' Tehuantepec 
in (Central America as fai* north as New Mexico ami Arizona, stand alom^ in the sub- 
order in being poisonous, their bite, in C(‘rta,in cases at. l<*ast. Ixnng suilicitsitly severe 
to produce veiy serious symptoms even on huniaji ixongs. wliif* smalhT animals 
are soon kilhsl thereby. These two species are tlu‘ .M(‘xica]i poisonous lizar<l 
(flAoclrniKf of Western M(‘xico, and th(‘. Arizona ])oisonous lizard (//. 

) from New Mi^xico and Arizona; tin* foi’incr Ixdng knoun in its native* 
country by tlu^ name of silatica. Nearly alli(‘d to the Idiml - w orm, which tiny 
rt‘semble in the general structure of th(‘ir tongue and teeth, altliough distinguished 
by certain peculiarities in the conforimition of the skulk and hy the np])(‘r surface 
b(‘ing covered with small granular tubercles, externally they are charactt‘jJsed by 
the depressed head, the plump, rounded body, the tolerably Jong eylindrical tail, 
tlie rather short limbs, in wliich tlio third ami fourth to(*s ai (‘ •]ongt*r than tin* 
others, the exposed drum of the ear, and tin* transvei-si* arrangement of the rows 
(jf tubercles on the upper surface. The curved and fang-liki* t4‘etli ai’e hut loose ‘ly 
attached to the jaws, and liave grooves in fi’ont and h(‘liiml For ilie ti*ansmission 
of the poison; while tliere are*- also teeth on the palate. In'm^ath, the body and tail 
are covered with s(juarc <1 scales. In length, the tigun‘d s])reit‘s mrasnr(‘s ratlier 
less than 20 inclies, wliile tlie other is somewliat large*]-. Jda* foi’im*]* lias a yedlowisli 
or orange ground-colour, mai-ked with a dark iietwoi-k on tin* lu*ad and body, and 
witli blackish rings on the tail. Among tlie r(‘ddish sand, i]»t.ermi\t‘d witli dai*k 
p(*l)bles, in which these lizai-ds delight to nestle, this coloivition, (‘onjJexl with th(^ 
granular natui'c of the skin, apy)ears to be protective. 

Inliahiting dry r(‘gions f]*om tlie western side of th<* (Jordillera to tin* Ikacilic, 
and apparently never entering water, the poisonous lizards aie* noetnrnal in their 
habits, lying during the day hidden among the vegetation in a lisih^ss stat(\ and 
issuing forth at evening. Their movem(*nts are at all <im<*s delih<*rate; and as 
these lizards are most commonly met witli in tlie wet s(*ason, )j(*ing hut seldom 
seen during the dry montlis from Novemlxw to Jum*, it is ])ro})ahl4‘ that tluy are 
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torpid duriji;;’ part oi' tlu‘ lattej* period. Tlieir food comprises insects, wcnmis, 
myriaj[)ods, and small fi-ogs, as well us the eg*^s of iguanas. Regarding the ettects 
of th<.‘ir }AU\ Sir J. Fayrcu* writes that he once saw two guinea-pigs ])itt(*u by 
one oi* tlies(‘ lizards. “The bites were viciously inflicted, and the lizard did nut 
really relimpiish its lioid. Blood was dj*awn, the teeth being de(‘ply ins(*rtt‘d. 
Roth guin(‘a-[ngs were afl‘ected ; tlie bitten limb was dragged, •and appeare<] 
partial ly2)aralys<Ml. Th(‘r(‘ were twitchings of the body generally; but these may 
not have been dm* to tin* poison, but to agitation and fear.” Roth the unfortunati* 
rodents di(Ml in thr c(jurse of the day. Another of these lizards once bit ih 
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own(‘r, who was ineaulioiisly liandling it, with very severe effects, wliich did not, 
Jiowever, pi ov(‘ I’atai. Tlie poison is secreted in special glands situated near the 
roots of the teeth. 

The IVl ONI tors. 

Family Vahanib^e. 

No bettm' insfanct* of the (‘ssential ilifterence in thi^ <listribution of lizards as 
compared with toi*tois«‘s is afforded than by those lizards commonly known as 
monitors. TIk' tortoises of Australia, as we have alri*ady seen, belong to a different 
suborder from tliost* of India, whih‘ th(‘r(‘ art', no gcmera common to Aiistralia and 
• Africa. Tin* monitors, all of which are included in the single genus Varojtas, are, 
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howevc^r, coiiiiiion to t)ui thi*ee connti’i(‘s iiauKMl, while one species actually ranges 
from India to Austjulia. That this widespread genei'ic distribution is not a feature 
of the pnvsent (^poch is proved l)y the occurj-ence of fossil nujiiitors in both the two 
latter countries; wlua-eas w^e have no evidence that tluy possessed geiK'ra of tortois(‘S 
in C(unm()n. Before ])roceeding further, it is W(‘ll to mention that the Egyjdian 
rtip resen tative i>f the group is knowni to the natives by tlu^ name of onunfv, wdiieh 
ap])ears to be the Ai*abic t(‘rm for lizards in general. Transliterated as av. /vn?, this 
word lias bei'ii confusial wdth the (^Tinan to warn, wdiencc tli(*se reptiles 

bav(i l)een termed wara-eidechsra, or warning lizards; this, again, liaving Inaai 
translated into inonitors — a name which, how'(‘ver erroneous in origin, is too wAl 
( 3 stabli slu'd to be suja'rsedc'.d. 

llie monitors art' distinguislied from all the lizards hitlierto describe<l by the 
long and det'ply-forked tongue, wdiicli is capable (d‘ living ])i‘otrudt‘<t far in fi'ont of 
the lips, and is furnished at tlie base wdth a sht'ath, into which it can lie withdrawn, 
as in snaktis. Including th(‘- largest members of the subordt'r, monitors an* furtlier 
eharact(irist‘d by the lojig body, tht‘- broad, unert'sted battle, the wt‘ll-de\'(‘lo])ed, tive- 
to(‘d limbs, and tlu' long tail, which is very fretpiently marktMlly com])r<‘ss<‘d. Tlu^ 
head is covered wuth small ])olygonal scab's; the t'Vt'lids are wt'll dt‘\ eJo])i‘d ; tht' 
ojK'iiing of tlu^ ear is distinct; and the head is etjvt'red wdth small scalt's. Fn tlui 
skull W'e may notice alike the alisencc of a boii}’ roof ovt'r ilit' tt‘mi»oral fossa', and 
of teeth on tht' palate; wdiile it is further remai-kable for union of tlu' twai 
nasal bont's intt) a singlt' ossification. Tht^ tt't'th aiv lai'ge and jioinft'd, w ith t'x* 
pandt'd bases iixt'd to tlui sides of the jaAVS. On the liaek tlie scales are roundt'd 
and bordei't'd by rings of minutt^ granules, so tliat thtw do not ovt'rlap ; w liile in 
tht'- undei* surfact^ w^<‘ Hnd tht' scjuared scab's arranged in ci-oss rows. Port's ai’tt 
aiisent both on the umler siu'face of the thigh and in front of tlu; vent. A jx'culiarity 
of tlie g’l'oup is the presence of an imperfect inidi'ifl* ftaind elsewdiere among rt'ptib's 
alone in tlie crticodiles, Monitors inhabit Africa., Staitlu'iii Asia, Oceania, Papua, 
ami Au.stralia, and art; represt'iitt'd by nt'arly thirty living specit's, the bii'gt'st of 
wdiich attains a length a littb; short of 7 ft'et. A fossil s].>ecit‘s from Nortlu'rn India 
wais, howevta*, probably 12 fet't long, Avhilt' oiu; from Austi'alia could not have fa.lltm 
much, if at all, short of 30 fet't. Tlu; group is an isolated one, without near relation- 
si np to any other famil 3 \ 

Tht' genus may be divided into four tlistinct sections, the first of wdiich is 
reprt'sented solely by tin; desert-monitor (K (/risnas) of North-Wt'stt'rn Africa and 
South-Westc'rn Asia, extending from Arabia and the Casjiian to Noi’th-Wt'stern 
India. This spt'cies differs from all the rt'st in that the nostrils a, re in the form of 
oblique slits, wdiile the tail, except sometimes near its ti]), is cyliiulrical. Attaining 
a length of 4 ft't't 2 inches, and inhabiting the ileserts of North-Western India, and 
themce wu^stw^ards througli Southern Asia to tlie Caspian and North Africa, it takes 
its name from its gi’eyish yellow colour, wliich may be reli(;ved by bi-owoi crossbai’s 
on the back and tail, and str(;aks of the same hue along tlu' sides of the neck ; the 
young alwaj'S having yellow^ spots and dark bars. In accordanci; w ith its sombre 
coloration, this sj^ecii's is an inhabitant of sandy deserbs. A far handsomer lizai’d 
than the last is the Cape monitor ( V. aU)hfiih(vh) of Southern and South-Eastern 
Africa, wdiere it is commonly knowm to the Boei’s as the “adder.” It is the first 




<]jcnorally fre(|iienis cliffs, or low rocky hills, in the interstices of which it delights 
to hide, comiit^ out to bask on the flat surfaces. Gray s monitor (V. (jraiji) is an 
’’example of a s(‘Cond sub^i-oup iu whicli the abdominal scales are keeled. In tlie 
third orcat giT)up, of which we take as our first example the water-monitor (F. 
ficiLvatot^, represenU‘d in th(‘. coloured Plate, round or oval nostrils are accompanied 
by a compn‘ssed tail. In the sjiecies iu (|uestion there is a series of transversely 
elongated scales abovc^ the eyes, the oval nostril is situated as far from th(‘ eye as 
Jfroiu the tip of the snout, tlierc arc more than eighty transverse rows of scales be- 
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twcicii the fold on tho throat and the groin, and the scales on the nape are not 
lai'g(n‘ tluin those of the back. This fine species, which ranges from India throngli 
the Malayan ri‘gioii and China to Australia, attains a length of neai ly 7.. feet, and 
is tlm largest of the genus. In colour it is dark brown or blackish above, with 
yellow rings ; tlu^ snout being generally lightm*, with transverse black Ijars, and a 
dark band, bordered by a yc^llow one, running backwards from the eye; the under 
surface being uniforndy yellow. Tlie water-monitor frecpients marsliy localities, 
being often found on trees overhanging rivers, and taking n^adily to the water, 
eitlier fresli or salt. Tlie last species tliat we notice is tlie well-known Nile 
monitor ( V. whose range extends all over Africa except a portion of the 

north-western regions. Belonging to the sam(‘ great group as the last, it represents 
a second subgroup distinguished by the e(]uality in tlu^ size of the scales above 
the eyes : w'hile it is distinguished from its allies by the nostril being ratlaa- nearer 
tlie tip of tlie eye tliaii th(‘ snout. In size it is somewdiat larger than the desm't 
monitor. Tlui colour of the adult is browmish or greenish gi‘(‘\', w’itli darker 
r(‘ticulate markings, and more or less distinct yellowish eye-lik(i spots on the back 
and limbs; while Ixaicath it is yellowdsh, crossed b^?' some dark bands. ^fhis 
species is likewise found in the neighbourhood of water, gian'rally building itself 
a nest among the buslu\s on the banks, especially of those stivams that dry up in 
the hot season. The Papuan monitor (C. y>/’as*n? i/s) of New” Guinea and the islands 
of Torres Straits, may be cited as an example of the fourth group of the genus, 
in wdiich, while the nostrils are round, the tail is nearly or ipiite cylindilcal. 

As will be gatheriMl from the foregoing, the monitors i /resent 

JcLStDlvS* 

considerable diversity of haliitat, although the majority prefei' 
the neighbourhood of water. The Papuan species is, howevca”, believed to be 
arboreal. All ar(‘ carnivorous in their diet, feeding on fi-ogs, snakes, the smaller 
mammals and birds, as w”tdl as the eggs of both birds and j*e])til(‘s, especially 
crocodih^s. Their movements are exti’emely rajhd, both on land and in water; 
and liiany a sportsman in his tij-st day’s snipe-shooting in the rice-fields ai’ound 
(Jalcutta has been startled by the sudden rush of the common Indian species 
( V. ben(j(drnsis) as it darts among the hi‘rbage close to his fetd. Idiose sj/ecicis in 
w”liich the tail is the most compressed ixro the best swdmmers; this appendage 
serving as a pow”erful propeller in the water, and being also used as a w”eapon of 
otieiice on land. In order to enable them to remain under w^ater for some time, the 
nostrils are expanded into large cavities within the snout; and when the apertuj’es 
are closed these pouches serve as res(u*voirs of air. Writing of the gn‘at w”at(‘r- 
monitor. Cantor says that it is “ very numerous in hilly and m/u-shy localities of 
the Malayan Peninsula. It is commonly during tlie day observed in the branches 
of trees overhanging rivers, preying upon birds and their eggs and smaller lizards, 
and wdieii disturbed it throws itself from a considerable height into, the water. It 
w”ill couragtiously deftaid itself w”ith teeth and claws and by strokes of the tail 
The lowest castes of Hindus capture these lizards commonly by digging them out 
of their bun^ow’s on the banks of rivers, for the sake of their flesh.” Professor V, 
Ball gives the following account of a meeting with a lizai'd of the same species in 
the Nicobars : — “ As I did not care to shoot him, though I wanted to captui*e him, T 
threw stones at him, whereupon ho liissed and lashed his tail in a manner tliat 
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Tnij^lit prove alarming to aii\^on(i jiot knowing tlie liarmless nature of the beast. As 
I was pressing liiui into a coi*ner, he made a rush into tli(‘ waves, but r<.‘turne(l, 
apparently not liking tlie surf. Just as I thought he could not escape, he made a 
sudden dart into tlie water, dived through the sui*f, and disappeared/’ • 

From observations made on specimens in captivity, it appears tliat thesis 
lizards eat eggs liy taking them in tlieir mouths, raising their lieads, and tlieii 
breaking the shells, so that the contiaits ai‘(' allowed to run down their throats. 
Although but little is ascertained regarding their breeding-habits, monitors are 
known to lay white, soft-shelhid eggs, which aj*(i d(‘]iosited sometimes in the nests 
of white ants. As many as twenty-four eggs, of a couple of inches in haigth, have 
been taken fi om the body of a single female. By the Bui’m(‘se these eggs are 
much relished as articles of food, and command a higher price in the market 
than hens’ eggs. 


The Gkeavet) Ljzakds. 

Family Teitda^:. 

In Anu'rica the place of the true lizards of the Old World is taken by a nearly 
allied group which niay b(‘ termed the gr(‘aved lizards, sonui of which rival the 
smaller monitors in size. In common with th(5 remaining members of the 
suljorder, th(‘S(‘ lizards an^ distinguislusl from all th(‘ foregoing by their tongues, 
which arii slit at th(‘ tip and frecjuently shaped lik(‘ an arrow-h(‘ad, being (‘ither 
covered with overlapping seale-Hke papillai, or mark(‘d by obli(|U(i folds. In all, 
the hea<l is covered with large symmetrical shields, \’eiy differtuit from the small 
scales of the monitors. They further ditler by the collar-bones being dilated, and 
often l() 02 )-shaped at th(‘ir inner extj*(‘mities. 

Th(‘ grea^aal lizards are specially characteris<id by the absenc(j of a bony roof 
to the temjioral fossje of the skull, and by tlie sliiidds of the head being completely 
fr(M3 from the underlying bones ; wliile there no bony plates on the body. On 
the body and tail the scales ar(‘, arranged in transverse rows. The teeth, although 
very variable, ditler from those of the true lizards of the Old World in not being 
hollow at the base ; the replacing teeth being devidoped in small sockets at the 
r(3ots of those in use. In sonu' cases these teeth, -which may be either pointed oj* 
of a Hattened crushing type, are placed near the summits of the jaws, and in otliers 
somewhat on the side, so that the dentition is intermediate between tlui typical 
acrodont and jileurodont modifications; th(‘. front teeth ai’e always conical. On 
the palate teetk are but seldom present, and, if developed, are small. The long 
tongue, which is frecjuently retractile within a sheath, is generally covered with 
overlapping scales ; the drum of the ear is exposed ; and the eyes are g(merally 
furnished with lids. The majority of the forn»s resemble the true lizards in 
general ap 2 )earance, although in some the number of toes is reduced to four. In 
others, however, the limbs take the form of mere stumps, while the liind pair may 
be wanting, in which case there is a near approach to the amphisba^nas. 

The greaved lizards comprise over a hundred species, arranged in thirty-five 
genera, which are distributed over the warmer parts of America, although most 
numerous in the equatorial regions. Various in their liabitat, some frequent dry, 
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»saiKly plains, othcirs dwell anionj; th(i liei-bayci <)i‘ meadows, wliilo otli('rs prefer 
woods, and a few are ])ai*ilally or wliolly subterranean; these latter eitlu'r taking 
possession of some (‘mj)ty hole, OJ' digging one for themselves. In their gejieral 
ifiode of lilV. tliey rescmbh^- the monitors and true lizards, altliough some are more 
like tlic amphisbienas. They are generally swift and active in their movements; 
and the laigc'r ’kinds ;ire thoroughly carnivorous, subsisting not only on insects, 
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worms, sings, and snails, but likewise hunting such of tluj smalle]* vertebrates as 

tl)(‘y are able to ovei'come. Most species deposit their eggs in the hollow stems, or 

among th(‘ roots of trees. A few of the larg(‘i* sp(‘.cir\s are liunte<l for the sake ot 

tlieir ilesh, which is stated to be t(*n<ler and w<‘ll-llavour(‘d. 

( )n(' of the largest and best known representatives of tlio family 
The Telu ^ . • 

is th(‘ lizard variously t(‘rm(‘d tlie teju, t(gU(‘Xin, or pacuaru 

{T u pi uftiiihis f(yii r, ('(})), ^vhiQh ranges over a large portion of South America and 

the West Indies, and belongs to a genus comprising three spcci(‘.s. These lizards* 




lighter spots ; while tlie under surface is yellowish, with interrupted black bars; 
.the lines of division b(‘tween tlie sliields of tJie liead ljein<>* Idack. 

Ran^in^ Irmii Ouiaiia to Uruguay, the ti‘jii is said by Ratt^s to bo V(‘ry 
common in tlie forests ol* thi* Amazon, where it may be ol)S(a’ved in immb(i]*s 
during tlu^ midday stillness scampering, a])parently in sjxirt, ovtu* the dtaul 
leaves; while ki other districts it haunts sugar-plantations. Although fre(iueiitly 
4‘ound in the mdgliliourhood of water, it appanaitly m^ve]* (liters it; and 
generally dwc*lls in widc‘-moutlied holes situated beneath tlu^ roots of trees. Shy 
and retirhig to a diign^e in inhabited districts, when di*iven into a coriuu* it sliows 
light, hissing at and striking with its muscular tail th(‘ d(_)gs (unployed iw its 
pursuit. When sitting, thti hea<l is generally raised, while the forked tongue is 
•in constant motion. Its diet compris(‘S such living creatures as it can captui'e, 
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togetlKir with Th«‘< feinahj lays from fifty to sixty liai’h-slielled <‘ggs about 

the siz(i of those of a i)ig(Jon, geuei*ally plac(‘J in the hillocks of white ants. 

The clracmiia {]>ra<xvn(t (jaumensiH), of the Guianas and Amazonia, is a 
somewliat smaller lizard, distinguished by its compressed atid dou])ly-k(a‘l(Ml tail, 
the intermixture of keeled tubercles among the scales of the l)ack, and the 
extremely broad crowns of the cheek-teeth. 

Our second figured nmresentative of the family is the Sui-inaiii 

*rVi A Atti A i Vfl.g ^ ^ 

ameiva sa ri lutiiteii.sis), belonging to a. genus of n(‘arly 

twenty species disti’ibuted ov(‘r Central and South America, where tluw take the 
place occupied by the true lizards in the Old World. They are <listinguished by 
tluur round, ketdless tails, the presence of h‘ss than twenty rows of larg(i smooth 
scal(\s on the under surface of the body, and the compressed two- or thre('-cusped 
ch(Uik-teeth. The tongue can be withdrawn into a sheath. The figured species, 
which is found over South Amer*ica as far as Nicaragua, attains a length of from 
lo to 20 inches, and is very variabhi in coloi*ation. The ^^oiing ar(‘ oliv'(i-brown, 
with darker mai'kings or white dots, and a black, white-edg<Ml band j-unning along 
the side of the body and extending on to tlui tail ; th(‘se bands genei’ally disap]>eai’- 
ing with age, although sometimes retain(‘d in the females. In the adult tlu‘ n])pt‘r 
surfacti is usually gre<‘nish, with some black and a few wliit(‘ spots; whih‘ the 
under-parts are greenish white, spotted with black on the sid<‘s, Ameivas ai-t‘ 
g(‘U(U’ally found in dry districts — more espi'cially neai* th(‘ C(jasts, and in tlrui’ 
general habits arc not very ditlerent from the teju, usually living in holes, among 
old wood, or the herbage of gaixlens. 

The AMPHISByKNAS. 

Family AMPIffsn.LXIJU^, 

Among the most remarkable of all lizards are those whose typical i'e]>re- 
sentatives have the power of moving ecjually well eitlu‘r backward Is or forwanls, 
from whence tiny dei-iv(i the name by which the grou]> is how commonly 
designated. Very nearly related to the ])r(‘ce<ling family, through those memb(‘rs 
of the latter with abortcjd limbs, the ainphisbanias are distinguished by the simj^le 
and degraded characters of the skull, in which all the arches have Ixicn lost, 
and the two premaxillary bones an? fus(Ml into one. All are adaptcid to a purely 
subterram?an existence, and have long, wonn-like bodies, devaad, (?xc(^))t in one 
species, of any external trace of limbs; while even the bomss of the shouldin* and 
pelvis are more or less rudimental. The eyes arc conccahMl biuK'atli the skin; tlie 
mouth is small, and frequently inferior in position ; and the ear is comphdely 
wanting. Although tlu' head is covered with large symimdrical shields, the skin 
of the body is <livided into squared segments forming regular rings, like those of 
worms; from which character the group is sometimes spoken of as the ringe<l 
lizards. In all the tail is short. The large teeth are few in number, and fixed 
eith(?r to the inner or upper edges of the jaws. 

The amphisbaonas, which are arranged in eleven gemu-a, including between 
sixty and seventy species, ai-e most numerously re])resented in America south of 
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tlie Troj^ic of Cancer, altliougli also occurring in ilie West lndi('s, wljile Africa 
possesses (AaT t\V(‘nty species, and four are found in the Me<literraneaii area. (.)f 
ih«‘ir ]iaf)its, Mr. Boiilc^iiaer observt‘s that all the iiieinbers of this faiiiily are 
burrowers, and may liv(5 In ants’ nests. Tiny bore narrow galJ(‘ries in tlie earth, 
ill whicli tliey are able to progress liackwards as well as forwards. .On tlie ground 
they pr^gT(,\ss in a straight line b}^ slight vertical undulations, not by lateral 
movements, as in other limbl(\ss r(‘])tiles ; and th(‘ tail oC many species ai^pcvxj's to 
l>e more or ](sss prehensile. ''Che food of tht‘se lizards consists of small insects aiul 
^vorms. As regards their bireding-habits, it is only known that one species lays 
eggs, which arc; deposited in ants’ nests. Th(‘ marked resemblance of these lizards 
to eai'th-worms is a most curious instance of th <3 similarity produced in the external 
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foi-m of cliderent groups of animals by adaptation to similar modes of life; the 
remarkable fcNitun? in this case being the occurrence of this resemblance* in 
creature's so widely suii<l(*r(‘d from one another, as art' worms and amphisbicnas. 
* Fossil membei's (jf the family have bt'en discovered hi tht; 1\'rtiary rocks of North 
Amc'rica. 

* Handed ^Hie out' niend>er of the family which t'xhibils e\ idencc of its 

Amphisbsena. relation shi]i to less sj)t'cialised lizards in the rc'tention of laidiinontary 
fort' -limbs is tlu' hanth'tl amphisbmna (fV/Zi-o/os* can of Mexico and 

( 'alifoi’iiia ; this bt'ing out* of the two spt'cies found on the continent of America to 
the, no)’th of tlu; Tropic of Cancer. This creature, which attains a length of about 
7 incht's,* and is of a brownish flesh-colour, is tlistinguished by the presence of 
a ])air of small deprt'sst'tl fore-limbs, placed dost* to tlu' head, to which they arc 
about etpial in length ; t'at'h of these Ix'ing provided with four well-developed and 
cdaw<*d iot'S, of which ila* oub'rmost is tht' slioidt'st. 
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Typical Th(3 typical members of the family constitute a genus 

Amphlsbanas. Jjiwa) common to Tropical America and Africa, and represented by 
nCfarly thii*ty specic^s. Belonging, like tlic last genus, to the group in 'w^iich the 
teeth are attached to the innc'r edges of the jaws, thesi* liiid)less amphishamas are 
spe.cially chara-pt(‘ris(‘d by the anterior body-rings not being eidarged, by the 
laterally placed nostrils being pierced in a special nasal shitdd, by tlie rounded or 
sliglitly compressed snout, tlie obtuse, cylindrical tail, and the presence of j)ores in 
front of tin; v(‘ut. Tlie ligured species (A. f tdlgimosa) is a W(‘ll-known kind from 
Tropical America and the West Indies, deriving its name from its pied skin, and 
attaining a length of about 18 indies. Writing of the habits of a member of the 
genus, Bates obstu'ves that tlieir peculiar form, added to their habit of wi'iggling 
backwards as well as forwards, has given rise to the fabl(‘. that they have two 
heads, one at each extremity. They are extremely sluggish in their motions, and 
live habitually in the subterranean chambers of the saliba ant ; only coming out 
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of their abodes occasionally in the night-time. The natives call the ampliisbama 
the mai (hi.^ salihas, or mother of the saiibas, and b(‘li(jvc it to, be poisonous, 
although it is perfectly harmhiss. It is one of the many curious animals which 
have become the subject of mythical stories with the natives. They say the ants 
treat it with great affection, and that if the snake be taken away from a mjst the 
saiibas will forsake the spot. I onc(‘- took one (piite whoh^ out of the body of a 
young jararaca [a poisonous snake], whose body was so distended wdth its contents 
that the skin was stretched out to a film over the contained amjihisbama. I was, 
unfortunately, not able to ascertain the (‘xact relation which subsists between 
these curious reptiles and the saliba ants. I believe, however, that they feed upon 
the saiibas, for I once found the remains of ants in the stomach of one of them.’' 

The True Lizards. 

Family Lacertidjk, 

The true lizards, constituting the typical representatives of the suborder, form 
a large family, with seventeen genera, distributed over Europci, Asia, and Africc* 
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{exclusive of Madagascar), l)ut most abundant in Africa, and comparatively laro in 
the Oriental countiies. Taking the place in the Old World occupied in the New 
by the grtfaved lizards, these n^ptikss are readily distinguished from the latter by 
the temporal fossa of the skull }>eing* l oofed over witli bone (as shown in the hgure 
of the skeleton on p. 108), and likewise^ by the shields of the head being fii’inly 
attached to the underlying bones, as well as by the union of the two premaxillary 
bones, the* latter feature being common to this family and the ami)his])amas. All 
of them have well-dtiveloped limbs, each furnished with five toes, the botly phimj), 
and separated by a well-marked neck from the head, the tail long and brittle, the 
drum of the (;ar exposed, and the (eyelids distinct and generally freely mobile. The 
skin contains no bony plates; the scales of the back ai*e either oveilapping or in 
apposition ; while those of the under surface an^ g(‘nerally huger, and arranged in 
longitudinal and transvei*se rows. The t(‘(ith ans always attached to the sides of 
the edges of the jaws (pleurodont), and differ fi*om those of th(^ grooved lizards in 
their hollow l)ases; thos(^ of the cheek-studes liaving two- or tluve-cusped crowns. 
Tlu^ flat and scaled tongue, is of considerable length, and clei t both in front and 
Ixdiind, so as to assume th(‘ foi’iii of an aiTow-hcad. As a rule, por(‘S are present 
on the hindm- surfaces of the thigh. 

Out of about hmidrtxl species of true lizards, two are fouial in the British 
Islaixls, wh(‘re, with t}i<‘ (‘xception of the blind-worm, they ai*e tlx* only I’epresent- 
atives of the siibonh*!* ; but many others inhabit Soutlx^rn Europe*. Lizards of 
this family are vt*ritably creatiu*(‘s of tlx* sun, dedighting to bask in its rays on 
sonxi warm sandy bank, wall, or rock, and retiring to their hol<‘s and crannies in 
chnidy or i-ainy we^atlu'r. Tlx* moi-e powerful and bright is the sun, the more 
active*, inde(‘d, do tla*se r(*})til(‘s become, since most of tlx'm ai’e dull a)xl listless in 
the mornings and evenings, aixl only wak<* to full activity in the midday glare. 
Over tlu* greater part of Europe tlxi\' begin to spend a large*, ])(3rtion of their time 
in their holes, and with the commencement of October retii‘e for their winter sleep, 
fi'oiu which tlxy do not a^vakci till spring is well advanced. Comparatively rare 
in Northern Emope, in tlx* south of the continent lizards are common enough to 
form an attractive, f<‘ature in the laudsca})e, their burnished metallic gri‘en and 
bronzy scales flashing in the sunlight on every wall, and in every road and path. 
The darting movt‘nx‘nts of these pj*etty reptiles, as they are in pursuit of the flies 
and other small insects which constitute tlxdr chief prey, are familiar to all. 
* While the majority lay eggs, the viviparous lizard produces liA'ing young. 

ddie pearly lizar<l {Lacerta ocellnia?) of Southern Eui'ope, which 
, Pearly Lizard. repres(‘nte<l by a variety in Algeria, may be taken as our first 

exiimplo of the typical genus Laan'la, of which th(‘re are over twenty species, 
inhabiting Europe, North and West Asia, Africa north of the Saliara, and the 
Atlantic islands.* The meml^ers of this group, which may be collectively designated 
collared lizards, an^ distinguished by the following featui'cs. The body is cylindrical 
or slightly depressed ; tlw h(*ad pyramidal, with upright sides ; the neck not very 
well defined ; and the tail cylindrical, tapering, and long. The throat is furnished 
with a well-marked collar of enlnrge<l scales; the scales on tlxj back are smaller 
than those on the tail, and are at most but slightly overlapping : while the shields 
of the Tjinder surface are squared, and slightly overlapping. The rounded or com- 
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pressed toes have either smooth, tiiberculated, or indistinctly keeled pads on the lower 
surface, wliile the thi^lis have pores. In coinnion witli several other genera, the 
nostrils are placed close to the so-called labial scales, from which they are separated 
at most by a narrow i‘im ; and if there be a transparent disc in the lower eyelid, 
it is smaller than the (iyc. Among the most beautifully coloured members of 
the subord(‘r th('. pcjarly lizard, which attains a length of from 1 G to 23 inches, 
claims a foremost place. Belonging to a largci group of the genus, in which tlie 
edge of the thi-oat-collar is strongly serrated, this species agrees with certain other 
nnunbt^rs of the genus in its smooth tail, and in the scales on the sides of the body 
not being smaller than those on the back. As special characters of the spcicies, it 
may be noted that the scales arc smaller than in the allied forms ; and that there 
are not less than seventy scales round the middle of the body, eight or ten of which 
belong to the under surface. The head is very large in the male, and characterised 
by the great width of its hindmost, or occipital, median shield. In colour, the 
upper-parts are either green, with black dots or netwoi‘k, or blackish olive with 
j-eliowish matting ; the sides are marked with a row of about a dozcm eye-like blue 
spots ; while the under surface is uniform greenish yellow. 1'’h(‘ olive-coloured 
young are, however, dotted all over witli white, or pearly-blue, black-edg(*d spots. 

Common in Spain, and also occurring in the south of France and North- 
Western Italy, or wherever the olive-tree grows, the piiarly lizard is generally to 
be met with in the neighbourhood of hollow trees, frecpiently ascending some 
distance uj) their trunks, or even climbing among the bi'anches. Tluj males are 
somewhat quarrelsome, and the females lay from six to ten (‘ggs, generally 
deposited in a hollow olive-tree. 

Another well - known European species is thti green lizard 
Qreen Lizard. ... . . , ^ ^ 

(X. attaining a length of about 12 inches in Germany, but 

in the more southern portions of its habitat measuring as much as 1 7 inches ; 

fully two-thirds of this length being occupied by the long tail. Having not more 

than sixty-six scales round the middle of the body, this lizard is distinguished by 

the general presence of two small superimposed scales behind e^ich nostril, the 

small size and triangular form of the occipital shield, and the arrangement of the 

abdominal scales in six longitudinal rows ; the collar being serrated. Usually the 

nostrils are in contact with the front or rostral shield of the head ; and in the 

female and young the foot is longer than the head. As regards colour, the males, 

which may be distinguished from the females by the larger and higher head, the 

thickened root of the tail, stouter hind-limbs, and generally superior size, are some 

shade of green-olive, passing below into yellow. Black dots, passing into large 

spots, generally adorn the upper surface, whereas the under-parts, save for a blue 

patch on the chin and throat, are uniform. The females, in which the blue on the 

throat is less constantly present, have a more brownish tinge, with the sides 

ornamented with black -bordered yellowish spots. I'he young are generally leather- 

brown in colour, with one or two yellow side-stripes. Both sexes vary, however, 

considerably according to age ; and southern specimens are more brilliantly coloured 

than those from the north. 

The green lizai*d is an inhabitant of the countries lying to the east and north 
of the Mediterranean, and thence extending eastwards to Persia. Very comijfion in 




during June, these being hatched in the course of a month or so; and it is 
•generally during •the breeding-season that the blue on the throat is assumed by 
this sex. 

Sand Lizard third European representative of the genus is the much 

smaller sand-, or hedge-lizard {L. a(jiUs\ which is a more northern 
,form, ranging into tlie British Islands and Scandinavia. Usually not more than 
8 inches in length, although occasionally measuring nearly 10, this lizard may be 
recognised by its short, thick, and blunt-snouted head, and by the tail being 
considerably less than twice the length of the head and body. Never having more 
than fifty-eight scales round the middle of the body, it is fin’ther distinguislied by 
.the rostral shield of the head being separated by a small interval from the nostrils, 
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by the trapezoidal shape of the small occipital shield, by the absence of the row of. 
small granules which occur between the shields of the eyelids (supraoculars) and 
eyebrows (supraciliaries) in the green and wall-lizards, and by tlie foot being not 
longer than the head. Although there is great variation in this respect, the 
general colour of the male is greenish, and that of the female grey or brown ; the 
crown of the Ixjad, a streak down the back, and tlie tail l)eing mostly brown, while 
the chin and under-parts are greenish or yellowish. The streak down the back, 
and in the females also the sides, are marked by rows of white spots, which are 
sometimes large and eye-like ; and the under surface is marked with black. Some 
individuals, especially males, closely approach the green lizard in coloration. 

The range of the sand-lizard embraces North, Central, and Eastern Europe, 
and extends eastwards to Western Siberia and Asiatic Russia. In England it is 
generally found on sandy heaths, where it may often be seen running across the 
open paths with a speed less rapid than that of the inoi*c common viviparous 
species. It is more timid and less easily tamed than the grenm lizard, generally 
pining and refusing to feed in captivity. According to Bell, tlu^ females lays her 
eggs, to the numVjcr of twelve or fourteen, in hollows in the sand, which she 
excavates for the purpose, and having covered them carefully with sand, she 
leaves them to be hatched by the solar heat. 

Viviparous. A still smaller, and at the same tim(i a more slightly built 

Lizard. species is the common English viviparous lizard (A vlvipara), which 
varies in length from 6 to just over. 7 inches in lengtli. It has lai-ger scales than 
the last, which are not more than forty-five round the middh? of the body, and tlie 
foot generally exceeds the liead in length; granules being absent a])Ove the eyes. 
The absence of teeth on the palate is another feature in which this species differs 
from the sand-lizard. The colour of the adult is l)rown, ytdlowish, or reddish, 
ornamented with small dark and light spots, and often with a dark streak down 
the back, and another, edged with yellowish, on each side. In the male, the under 
surface is orange or vermilion, spotted with black ; and in the female, pale orange 
or ;^'ellow, sparsely spotted vdth black, or uniform. The young are nearly black, 
and this hue occasionally persists. Unknown to the south of* the Alps, the 
viviparous, or, as it is sometimes called, mountain-lizard, is spread over the greater 
part of North and Central Europe, and the whole of Northern Asia, as far as 
Amurland, ranging in the Alps to a lieight of nearly ten thousand feet. At this 
elevation it is, however, dormant for fully three-quarters of the yi^ar, being active 
for only two or three months. In Britain it extends to Scotland, and is one of, 
the few reptiles found in Ireland. Generally similar in its habits to its allies, it 
is more fond of water, and is a good swimmer, usually frequenting heaths and 
banks. “ Its movements,” writes Bell, “ are beautifully graceful as well as ra 2 )id ; 
it comes out of its hiding-place during the warm parts of the day .from the early 
spring till autumn has far advanced, basking in the sun, and turning its head 
with a sudden motion, if an insect comes within its view, and, daiiing like 
lightning upon its prey, it seizes it with its little sharp teeth, and* speedily 
swallows it.” Unlike its kin, this species produces living young, varying from 
three to six in number, which are active as soon as born, and remain in the 
company of their parent for some time. 
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Wau Lizard representative of the typical genus that we shall notice 

• is the beautiful wall-lizard (X. nnxiralis)^ of which a group is depicted 
in our coloured Plat(‘. This southern species, which inhabits the countries 
bordering both sides of the MeditciTanean, and extends eastwards into Persia, 
belongs to a group in which the edge of the collar on the neck^ is even or but 
slightly seri‘at(^d, and the scales of the back arc granular. Attaining in Germany 
a length of from 7 to 7 A inches, but reaching from 8 to 9^ inches in Italy, this 
species has a series of granules between the shields above the eyes, while the scales 
of the abdomen are arranged in six (rarely eight) rows, and those on the upper 
suid'ace of the leg are larger than those on the back ; and there is but a single 
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.^(l)ostnasal) scale behind each nostril. In colour the wall-lizard presents such an 
astonishing variation, that it is almost impossible to give any general description, 
hi German examples the ground-colour of the back is, however, often brown or 
grey, with bronze-green reflections in sunlight, upon which arc blackish streaks, 
iiiarblings, and *spots ; while the Hanks have a row of blue spots ; and the under- 
parts vaiy from milk-white to copper-red, frequently I'ariegated by spots or 
marblings^ In Southern Europe these lizards may be seen basking on almost every 
wall, old •building, or face of rock, whens they delight all beholders with their 
activity and tameness. “ Scarcely two,” writes Leith-Adams, are marked alike ; 
the brightness and variety of their hues are most beautiful and attractive, and, like 
the chaimcleon, they change colour with the coruscations of sunshint\ but, of 
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course, not to the same extent. During an excursion to tlie islet of Filfla, on the ' 
southern coast of Malta, in tlie month of June, I was surprised to find tliat all the 
lizards on the rock were of a beautiful bronze-black, and so much tamer than their 
agile brethren on the mainland. Many individuals were so tame that they 
scrambled about our feet, and fed on the refuse of our luncheon,’' Whereas in the 
Southern Tyrol these lizards remain active till December, and reappear by the 
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middle of February, in Germany their winter sleep is considerably longer. Like 
its congeners, this species has an exceedingly brittle tail ; and it was observed 
some years that on a certain road in Madeira all the lizards belonging to a nearly 
allied species (i. dnge,n) were without tails. The circumstance was explained 
by the spot being the favourite resort of the midshipmen landing from the ships 
visiting the island, who amused themselves by knocking off’ the lizards’ tails. 

Keeled Lizards members of the genus Lacerta, as we have seen, are 

, * characterised by the presence of a well-marked collar on the neck, by 
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» the scales of the back being smaller than those on the tail, and by the toes being 
without fringes on their sides, or keels on their soles. An allied genus — AlgiroideH 
— represontcjd by three species from the eastern coast of the Adriatic, Greece, 
Sardinia, and Corsica, — differs by th(3 strongly overlapping scales of the back being 
nearly as largo as those of tlic tail. On the other hand, four species inhabiting 
South-Western Europe and the opposite coast of Africa constitute a* third genus — 
Pmmmodromas — in whicli the collar is indistinct or wanting, the toes are not 
fringed, though generally more or less distinctly keeled inferiorly, while the over- 
lapping scales of the back bear strong keels. Among these the Spanish keeled 
lizard, or sand-runner (P. retains a trace of a collar and has strongly 

keeled soles; whereas in the Algerian keeled lizard {1\ algirtis) the collar is 
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wanting, and the soles are at most but feebly keeled. The figured species, which 
• inhabits not only North-Western Africa, but likewise Portugal, Spain, and the 
south of France,' reaches nearly lOJ inches in length, and has a tail almost twice as 
Jong as the head and body. It is specially distinguished by the scales of the 
abdomen being of nearly eijual width and arranged in six rows, as well as by the 
presence of ffom thirty to thirty-six scales round the middle of the body. In 
colour, this lizard is bronzy-green above, with one or two golden, dark -edged 
streaks along tlio side; the male b(dng ornamented with a pale blue eye-like 
spot abgve the shoulder, sometimes followed by one or two btdiind, while tlie 
under-parts are whitish. Abundant in Algeria and the neighboiu’hood of Mont- 
pellier this lizard is found in the former region both in hedges and on limestone 
j*ocks, whereas in Franco it frequents hedges alone. Preferring diy, open, and 
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warm districts, and thriving well in captivity, it presents nothing specially note- ■ 
worthy as regards its liabits. 

Pringe-Toed The fjinge-toed lizards {Acantliodavtyliis^, of which there are 

• Lizards. ten species ranging fi-om Sontliern iSpain and I^ortngal, and Northern 
Africa througli Soiitli -Western Asia to tlie Punjab, differ from the preceding group 
by the toes being both fringed on the sides and keeknl below ; a more or less 
distinct collar occuri-ing on the throat. On tlie head, the occii)ital shield is 
wanting, and the nostrils are pierctid between two nasal and one labial shields. 
Pores are present on the thigh, ami the tail is nearly cylindrical. The common 
fringe-toed lizard (A. vulfjarid) is a spc'cies of from 4| to 4^ inches in lengtli, 
agre(iing with inost of its kindred in having the liinder scales of the l)ack but little 
enlarged, and specially characterised by the strong keeling of th(‘ scales on tlie . 
upper surface of the tail, and the slight pectination of the tot\s. Tt is rt^presented 
by two varieties, one occurring in Spain and Portugal, and i*arely in tla^ south of 
Finance, chai‘acterised by the smooth or slightly keeled scales of the back, and an 
African form in which these scales are very strongly keeled, and tht* coloration is 
brighter. Tlie colour of the adult is greyish or brownish, with faint, longitudinal 
series of light and dark spots and lines, and sometimes eye-like blue spots on the 
Hanks; the young being longitudinally streaked with black and w^hite, and having 
whit(i spots on the limbs. All these lizards inliabit dry saml\^ disti’icts, and are 
remarkably shy in their habits, seldom venturing forth from their retreats exc('pt 
wlien the sun is shining brightly. 

The Skink Tribe. 

Family Hcin'CIJj.K 

The preceding family is connected with thc^ one wo have now to consider by a 
small group of live African genera constituting the family (rervltosinn'idiv, Avhich, 
while resembling the true lizards in having but a single premaxdlary bone and 
the presence of pores on the thigh, agree wdth the skinks in poss(‘ssing bony plates 
of peculiar structure beneath the scales. The skink tribe, taking their title from 
the lizard commonly known by that name, are a very numerous family, compi-ising 
upwards of twenty-five genera and nearly four liundred spe(;i(is, and presenting 
great variety of bodily form, some kinds being four-limbed, while otliers are moi’e 
or less completely snake-like. Agreeing with the true lizards in th(‘ characters of 
the tongue and teeth, as wadi as in the roofing-over of the tmnporal fossm by bone, 
the skinks differ in having tw^o distinct premaxillary bones in the skull, in the 
presence of bony plates traversed by symmetrical tubules beneath the scales, and 
in the invariable absence of the pores which are generally present in the thighs of 
the Laceriidtn. The limbs, when present, are relatively shoi-t, and in some cases 
arc reduced to two, and in others absent ; the number of toes is v(*ry variable, 
even among the members of a single genus ; the shoi*t and scaly tongue is free, 
and but slightly notched in front ; and tlie drum of the ear is generally covered 
with scales. The eyes have round pupils, and well-developed and generally mobile 
lids, the lower one of which has a large transparent window. The teeth, which 
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•are attached to the sides of the jaws, may have either conical, bicuspid, or broad 
and spheroidal crowns {TiUqxia), The head is covered by large symmetrical 
shields, afnong which an unpaired occipital is generally wanting; anil the over- 
lapping scales of the body are generally subhexagonal in form and arranged in 
a quincuncial manner. Worldwide in distribution, the skink tribe are most 
numerously represented in Australia, Oceania, the Oriental region, and Africa, 
while very few occur in South America, and there are not many in North America 
and Europe. Although tlnur habits arc not fully known, it appears that, with the 
exception of two gen(‘ra, they bring forth living young, varying from two to ten 
in number. Thci majority are terrestrial, a few only being able to climb, wdiile 
none are aquatic. They sedulously avoid the neighbourhood of w^ater, freijuenting 
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dry situations, and more especially those where the soil is sandy with an admixture 
,^bf pebbles or fragments of rock. Moreover, they generally possess the faculty — 
rare among lizarcls — of burrowing in the ground with the dexterity, if not with 
ttie power, of moles. From this habit the group is sometimes spoken of as the 
burrowing lizards; and it may be remarked that their spindle-shaped bodies, 
eovered with liighly polished scales, their short legs, and frequently abbreviated 
tail, as well as the transparent window in the lower eyelid, are all features specially 
adapted for such a mode of life. From among the n'umcrous genera, the limits of 
our spacei render it necessary to confine our remarks to four, which are selected as 
examples of very divergent types. ^ 

Stump-Tailed Described as far back as the year 1699, the stump-£ailed lizard 
• ld?ard. (Trachysaurtis rnyoms), of Australia, is the sole representative of 
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one of tlio most remarkable genera in the entire suborder. With a short, 
pyramidal depressed head of great width, a short but distinct neck, a long, thick, 
and flattened body, and a veiy wide and stumpy tail, the creature is clothed with 
an armour of r(jugh, thick, br(^wn scales, which give it very much the appearance 
of a living pine-cone. On the lower surface, the scal(\s are smooth and iriucli 
smaller. The small and stout limbs are wddely separated, and terminate in tive 
short toes, each provided with strong curved claws. In lengtli this strange reptile 
measures about 14 inches, and its colour above is brown with spots or irregular 
bands of yellow, while beneath it is yellowish, with brown spots, marblings, or 
longitudinal and transvei’so streaks. The cheek-teeth have subconical crowns. 
Beyond the fact that it is a burro wer, scarcely anything appears to be known of 
the liabits of the stump-tailed lizard in a wild state, altliougli many observations 
have been made on captive specimens. In the latter state it is slow and lethargic 



in its movements, creeping about with tlie abdomen pi'ess(‘d to tlie ground. Its 
chief food consists of worms and insects, althougli fruit and v<'getablos are 
occasionally eaten; and that it can (aidurc long fasts is 2 )roved by an example 
which only ate two or three flies during the voyage from Australia. 

Snake-Eyed Very diflerent in appearance to the last is the lizard (^Ahlenlutvvbs 

Lizards. pan'tionicns) represented in the accompanying illustration, which 
belongs to a genus containing a number of small species distributed over Axistralia, 
South-Western Asia, South-Eastern Europe, and Tropical an<l South America, one 
of which (A, bouton i) ranges irregularly over the hotter parts of l>oth the Eastern 
and Western Hemispheres. These lizards differ from all tln‘ir kin in having no 
movable eyelids, their place Ixdng taken by a transparent disc of skin stretched 
over the eye after the manner of snakovS. In this genus the ear may be either 
open or concealed by scal(‘s ; and while some of the species have well-developed 
limbs, in others they are more or less aborted, the number of toes being also 
highly variable. The figured species, which ranges in Europe from Hungary to 
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Greece, and is also spread over Asia Minor, Syria, and Northern Arabia, measures 
only 4 indies in length, of which fully half is occupied by the tail. Its general 
colour above is bronzy olive, becoming darker on the sides, and with a blackisli 
light-edged stri'ak passing through the eye along each side of the body ; while the 
under-parts are green isli. The European species is found alike on slopes covered 
with sljort grass oi’ in sandy spots, and does not appear to be a burrow<*r. Feeding 
on small insects and worms, it does not generally venture forth from its lurking- 
places till four or five o’clock in the afternoon, and retires before night. In 
common with the other members of its genus, it differs from the majority of its 
family in laying eggs. 

TrueSkinks While both the genera above-mentioned belong to a group 

characterised by the palatine bones meeting in the middle of the 
palate, the true skinks indicate a s{‘Cond an<l smaller gi’oup in wliich those bones 
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are separated from one another. Skinks are neatly made, somewhat short-tailed 
lizards, with short limbs providinl with five toes seiTated on tlndr sides. The 
tail is conical, the head and snout wodge-shai)ed, the ear more or less concealed,- 
while the nostrils are pierced between an upper and a lower nasal shield. Of 
* the nine speci(is of the g(*nus, which range from Noi'th Africa through Arabia 
and Persia to 8ind, the most familiar is the common skink (Semens officmalis), 
of the Sahara and Red Sea littoral. This species, which attains a length of 
inches, has smooth, shining, rounded scales of great breadth, and is of a 
yellowish or brownish colour above, with each scale marked by small brown 
and whitish spots and streaks, and the sides of the body often ornamented 
with dark transverse bands; the under -parts being uniformly whitish. Not 
uncommon in Egypt, and abundant in the Algerian and Tunisian Sahara, the 
•common skink derives its specific name from having been extensively employed 
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in medicine as an infallible remedy for almost every disease under the sun ; its 
reputation as a healing agent still surviving among the Arabs, by whom the Hesli 
of the creature is used both as a drug and as an article of food. The exclusive 
Haunts of the skink are sandy districts, where it generally moves in a slow and 
deliberate manner, and when frightened buries itself in the soil instead of 
attcmj)ting to seek safety in flight. Indee<l, the celerity with which the reptile 
sinks into the sand is described as being little sliort of marvellous, suggesting the 
idea of its escaping into some hole already existing rather than of I'xcavating a 
fresh ])urrow for itself, such a burrow not unfrecpiently extending to the deptli of 
several feet. During the daytime tlie skink, if ((uietly aj)proached, may be 
obs(u*ved (juietly reposing in the sun by the side of one of the small hillocks or 
ridges raised in the sand at the base of trees by the wind; and from such a state 
of idleness it is only roused by the approach of a beetle or a fly, upon which it 
darts with unerring aim. In spite of its strong teeth or claws, when captured, the 
skink never makes any attem})ts to defend itself, Ix^yoml stniggling vigorously. 
Of its bi*eeding-habits, little or nothing definite a})pears to b(^ known. According 
to Canon Tristram, the flesh of a few well-broiled skinks forms a dish not to be 
despised even by a European j^alate. 

Under the title of Chalkis, the ancient Greeks desicfnated a 
BroxizG Lizards. ..... ^ 

remarkable snake-like lizard inhabiting Italy, Sardinia, and Sicily, 

as well as Algeria and Tunis, whicli was known to the Komans ))y the name 

of Srps; the latter being in allusion to the poisonous propeiiles witli which 

this pei'fectly harmless reptile was supposed to be endowed. I'he ‘'seps” 

(Chaleidri^ i rid act ylufi) is the typical representative of a genus of sointi twelves 

species belonging to the present family, which exhibit a most interesting example 

of the gradual degradation of liml)s, some species having five to(‘s to each foot, 

while in others, as the figured example, the number of digits is reduced to three ; 

and in one kind the limbs are represented merely by undivided ludiments. 

The bronze, lizards, as the members of the genus may be collc(*ti\'ely termed, 

belong to an assemblage of gentu’a diflering from all those alrejjdy noticed in 

that the nostrils are pierced (dther in or closer to the terminal rostral shield of 

the skull, instead of being more or less widely separated therefrom. In tht^ case of , 

the pn\sent genus the nostrils arc situated in notches cut in th(‘ hind(‘r ]>order of 

the shield in cpiestion ; while the body is grc^atly elongatcid, and tin? limbs are 

either short or rudimental. Tln^ figured kind is one of two sp(tci(‘s witli three- 

toed limbs, and attains a length of 13^ inches, of which about half is occupied by * 

the tail. In colour it is olive or bronzy above, and may be either uniform, or 

marked with an even number of dai’ker and lighter longitudinal sti*eaks. In the* 

south of France, Spain, and Portugal, it is I’eplaced by the smaller striped bronze 

lizard {0. lineatufi), in whicli the body is marked with nine or elev(?n longitudinal 

stripes. The range of the whole genus embraces Southern Europe, Northern Africa, 

and South-Western Asia, from Syria and Arabia to Sind. 

The three-toed bronze lizard much resembles the blind-worm in* general 
appearance and liabits, frequenting damp places, where abundance of its favourite 
worms, snails, slugs, insects, and spiders are to be met with. Here it moves with a 
wriggling seiq)entine motion similar to that of the blind-worm, whicli it likewisq 
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•resembles in producing living young and in retiring into a burrow for its winter 
sleep. When not feeding, tlie creature, like most of its kind, delights to bask on 
sandy spots in the full glare of the sun. The ‘'seps’' was believed to inflict death 
on cattle by biting them during the night, its bite Ailing tlieir veins with corrup- 
tion ; and in consequence of this ]jeli(‘f the unfortunate creature is still persecuted 
with the same hatred as is the blind-worm in some parts of England. 
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Other Famili remaining families and are 

represented by worm-like burrowing lizards allied to the skinks (of 
which they may be j-egarded as degraded types), but with no bony platens beneath 
tile scales, no (‘xternal ear-openings, and eyes conceakMl beneath the skin. The 
Former family is represented by three giaiera, of which two ai*e African, and the 
third is from Jlexico ; while of the latb'r there is but a single genus, with one 
species from Papua, the Moluccas and Celebes, and a second from the Is" i cobars. 


The C11AM.ELEONS. 

‘ Suborder Rhiptoglossa. 

. With the skinks and their allies we took h^ave of the last of the reptiles which, 
in the zoological sense, are included under the title of lizards, and we now come 
to the second subordinal group, represinitinl by thosi^ strange creatures known 
as chamaileons. From the lizards proper these i-(‘ptiles are at once distinguished 
by their worm-like extensile tongues, which are club-shaped and viscous at the 
extremitjf, and are capabh'. of being protruded with the rapidity of lightning to a 
distance of from four to six inches in front of the mouth. Hence the name of 
worm-tongued lizards has been suggested for the group. Internally, the chammlcons 
difter from all lizards provided with well-developed limbs in having no collar-bones 
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(clavicles); while there arc likewise certain distinctive features in connection witlr 
the skull, into the coiisideraiion of which it will be unnecessary to entci' in this 
work. Another important feature by which these j’cptiles differ from lizards is 
the structure of the feet, in which the toes are divided into two opposing branches, 
thus forming grasping organs of great power. In the fon^-foot the inner branch 
of the foot includes three, and the outer two toes, in the hind-foot ])reciscly the 
reverse arrangtaiiejit obtains; and from this peculiar hand-like structure of the 
foot, — whiel), by the way, recalls the feet of the pari*ots and many Picarian birds, 
— the chainadeons have been spoken of as four-handed lizards. Yet another 
peculiarity in tlu‘ structure of these r(‘i^tiles is pn^sented by the C‘ye, wliich is in 
the form of a very large and prominent globe coverc‘d by a tliick granular lid, in 
the centre of which is a minute perforation for the pu]ul. The (kdiberate way in 
which a chanuelc'on rolls round one of these extraordinary eyc^s until it has focused 
it on the lly about to be caught by tlie tongue is familiar to most of our readers. 

The foregoing are the essential featimis by which tlie chamaleons are dis- 
tinguished from the lizards proj)er; those remaining for mention not being such as 
would be ]‘egai‘d(Ml by zoologists as of subordinal importance'. Among tliese may be 
noticed the triangulai* helmet-like form general I}'* assunu'd ])y the hinder part of 
the head, whicli often has three longitudinal ridges, coniu*ct(‘d togi'ther posttnh^rly 
by a cross-ridg(‘, all of whicli are ornamented witli tubei-cles. I'ln' teeth, wliich are 
small, triangular, and compressed, are placed on the summits of the jaws in the 
acrodoiit fashion, none Ix'ing jiri'sent on the jjalati'. Tli(i body is much compriissed, 
and the neck short; the slendi'r limlis are so much elongated ns to raise the body 
high above th(i ground in a manner different from ordimny lizards; the tail is 
long and pndu'iisile, thus acting as a fifth hand ; and in jdace of scales, the head 
and body are covered with tubercles or shagreem-like granules. The largcu* species 
attain a length of some 15 inches; but the dwarf chamadeon of Madagascar 
{Brool’esia nainis^ is h?ss than 2i inches in length. 

The chaniadeons include close on fifty species, all of which are comprised in 
the single family Cham(vleonti<hv^ and by far the greate)* majm-ity in the typical 
genus Cluivitdeoa. Indeed, of the two aberrant genera, Brooh'sld is reju-esented 
by three species from Madagascar, while lihaiupholeoii coinprist's two tropical 
African kinds. The true home of the group is Africa and Madagascar, together 
with the neighbouring islands, each of these areas comprising nearly half of the 
known species. The common chamadcou ((1 vid<ja/n.'<) is, however, found on the 
African and Asiatic coasts of the Mediterranean, enti'ring Europe in Andalusia; 
while a second species inhabits the Isle of Socotra, a third Southern Arabia, and a' 
fourth India and Ceylon. 

Evidently extremelj^ specialised creatures, cliaimeleons stand 
altogether apart from the lizards, not only as rc‘gai*ds their anatomical 
structure, but likewise in thi'ir power of moving one eye independently of the other, 
in the enormous extensibility and protrusive 2 :) 0 wer of their tongues, and in their 
slow and deliberate movements. According, however, to those wlio ha\y had the 
opportunity of observing them in their native haunts, chanueleons do not move 
quite so slowly as in confinement, where they take, half a minute in determining 
which limb to move, or on wliich bough to rejilace it. Passing the whole of their 
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'lives in trees, like most of their Malagasy compatriots, the lemurs, chama'leons are 
chiefly found only in regions where foliage is abundant, and where the fall of rain 
or dew is •sufficient to suj)])ly them with the amount of moisture they need. Conse- 
quently, they are most numerously represented in coast districts and islands. A 
few, however, frequent such parts of desert regions as come under the influence of 
the sea inoisture, and support a more or ](\ss scanty vegetation. Needless to say, 
all th (3 spcci(‘s live on insects, and more esjiecially flies of various kinds, wdiich are 
caught by the viscid secretion of the tip of the protrusile tongue. 

Being uttei'ly d(d(mceless creatures, and liaving a large number of enemies, 
chamadeons depend entirely upon tludr resemblance to tlieir environment for 
protection; and for this end they have the power of changing colour, although not, 
apparently, to sucli an extent as is the case with some lizards of the genus CaloteH. 
At night they appear genendly to bo of a whitish y(dlow hue, but with the first 
dawn of day assume the daik green colour characteristic of most of the species, 
which exactly assimilates to the surrounding leaves, and continues to grow brightei' 
and brighter with advancing day. When resting on a bough, or wIkui captured 
in the hand, tlie colour changes, however, to brown ; this change in thti latter case 
taking place with exce(‘ding rapidity, and the skin sometimes becoming nearly 
black, with the disappeai'ance of all the bright marking. This change, according 
to Miss C. 0. Hopley, is due to anger; the creature at the same time emitting a 
sound something betwt^en a hiss and the chirp or sqm^ak of a very young bird, and 
trying to bite its captor. “ IVIeaiiwhile, it is all impatience to ascend, no matter 
where, so that it climbs u])wards. Up, up, always up ; it maybe your dress, or 
whatever is m^ar. It s(‘(‘ms to thijik it can be safe only at the top of something. 
And yet they are not found invariably on tlu^ U|)y)er branches of their bush, though 
generally rather high. Keleased from the hand, its anger soon subsides, so does 
the dark hue, and the creature assumes the tint of the surface on which it is placed, 
gi*eyish, r(‘ddish, darker or lightei*, green or yellow, as may be."' Several individuals 
are not unfrequently met with on the same bush, Avhere they cling tightly to the 
stems among tlv3 crowded leav(‘S, being alike difficult to didcct and to detach, and 
always exhibiting tlnur displeasure at being disturbed by the aforesaid hissing 
^ound. Absolutely still they remain, continues the writer just quoted, hour after 
hour, the only evidence of life aboiat them being that revolving little globe of an 
eye, with its pupil turning as an axis, now up, now down, foiwards oj* backwards, 
while its owner clings motionless as deatJi. In repose, the long tongue is folded 
up within the dilatable skin of the chin, where it lias a special sheath for its 
reception ; but it* can be darted out with such speed as to take a fly at a distance 
of fully six inches. Although the majority of tlie species lay eggs, the pigmy 
chamaeleon (U of the Cape, together witli five nearly allied African 

species, product! living young, which may be as many as eleven in number. In 
confinement chamadeons quickly become tamo, and, if allow’-ed to rest in peace, after 
a few days cease to bite and hiss when liaiidled, and soon venture to take a fly 
from thei^ owiier^s hand. 
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Scaled Reptiles, — O rder Squamata — continued ; The Snakes, — 

Suborder Ophidia. 

Matdnctlve OlilOlNALLY rofiarded as represcntiiiff a. distinct ordinal ffi-oup of 
Characters and the Reptilian class, tlio snakes ar(i now generally consi<]f‘re(l to form 
Structure. moTely a suborder of the ^rtiat assemblage of r(‘ptiles which includes 
both lizards and chamadeons ; and from their close structural ivsemblanc(‘ to the 
limbless lizai-ds there can be no doubt that the more modern view is the tT*uc one. 
As a matter of fact, it is by no means easy to draw a satisfactory distinction be- 
tween lizards and snakes ; and such characters as natu)*alists rely on for their 
diffei-entiation are mainly such as arc due to adaptation to the sjH'cial iiccmIs of the 
latter group. Agreeing with lizards in their external covering of scales, snak(‘s ai’f^ 
characterised by their exceedingly elongated and slender bodily conformation; the 
head, which is generally more or less ilattened, being often not defined from the 
body by a distinctly marked ntick, while external limbs are wanting, and th(.‘ bofly 
passes posteiiorly by imperceptible degrees into the tail. Occasionally, however, 
(external vestig(\s of the hind-limbs may persist, in the form of a i>aii* of small s])ur- 
like process(*s near the vent ; and internally th(»re may be tract‘S not only of the 
pelvis, but likewise of the thigh-bone, or femur. J^one of tlubse chai*acters will, 
however, serve to distinguish snakes from the limbless lizards ; and it is tluu’e- 
fore necessary to point out how tlui two groups may be separated. Tlie most 
characteristic p(‘culiarity of snak(‘s, as tlistinet from lizards, is the absence of a 
solid union betwtHui tin*, two branches of the low('r jaw, which are connected 
at the chin merely by an elastic ligament; this arrangement permitting of the 
separation of the two halves of the jaw, and thus allowing the mouth to b(i dilated 
so as to be capable of swallowing prey of much larger dimensions than the normal 
width of its apei*ture. In addition to this arrangement, in the majority of snakes the 
bones of the upper jaw and palate are likewise movabhs thus further increasing^ 
the capacity of the gape. From the great majority of lizards snakes are, of course, 
widely distinguished by the absence of fiinctioual limbs ; while from the compara- 
tively few limbless representatives of the same suborder, they differ in having 
the tongue completely retractile within a basal sheath, as well as by the presence 
of additioTial articulations to the vertebne, which are described below. Moreover, 
none of the limbless lizards have the large shields on the inferior surface charac- 
terising the majority of snakes, while most of them possess eyelid?) and an 
external aperture to the ear. 

No snake has movable eyelids; that portion of the skin representing the lids 
extending as a convex transparent disc across the eye, and covering it as a watch- 
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glass covers the face of a watch. When a snake changes its skin, which it does 
several times during the year, the discs over the eyes peel ott‘ with the rest, and 
appear as* lenses in the dry slougli. E(|iially characteristic is the absence of any 
external aperture of the ear ; a peculiarity which has given rise to the scriptural 
expression of the deaf adder stoi)ping its ears. Resembling tliat of lizards in its 
flattened form, the tongue of snakes is narrow and smooth, and t’erminates in a 
fork foi-ihed by two Jong tliread-like points, while at its base it is inserted into a 
sheath from which it can be protruded at will. The head, although not very large, 
is generally wider than tlie body, from which, as already said, it is but seldom 
sepai'atod by a i*ecognisable neck, and is usually oval or tidangular in shape, with 
a more or less well-marked d(‘pi‘ession. Near the sides of its extremity, and somc^ 
times at the veuy tip, are situated the nostrils ; while posteriorly the gape in some 
cases extends almost to the back of the lu^ad. Superiorly, as well as on its under- 
surface, the head is generally covered with a number of lai-ge symmetrical shields, 




INFERIOK, lateral, AND SUPERIOU MEWS OF THE HEAD OF A SNAKE. 

r, rostral sliieltl , aiiti-rior and posterior iroiilul do. ; interparictul do. : .s*, supraocular do. ; o, parietal do. ; 
Ti?!’, nasal do.; /, loreal do.; a, prcocular do. ; postocular do. ; ?m, upinr labial do.; temporal do.; ???, mental 
do.; **, lower labial do ; cc. cbin-shields. — Alter CUmtlier. 

having tlndr edges in api>osition, and varying in relative size in the difterent 
groups. Although th(‘ blind snakes have a uniform cuirass of polished scales all 
I’ound the body, while some of the sea-snakes also have the scales of the under- 
parts similar to those of the back, in the great majoi*ity of the order the under 
surface of the body is protected by Large transverstj shields, extending completely 
•ificross it from side to side. These broad shields ofttai extend as far backwards as 
t^o termination of the body proper; while at the commencement of the tail, and 
thence backwards to the extremity, they are replaced by a double row. These 
large inferior shields take an important part in the progression of snakes on land, 
and hence we see why they arc wanting in the marine forms. 

In all snakes the number of joints in the backbone is very large ; and each 
of these, with the exception of a few near the extremity of the tail, is provided 
with a pair of rather long, slender, and curved ribs, the exti'emities of which 
correspond to the large inferior shields of the body in the species where these 
are present. Superiorly the ribs, as shown in the flgure on p. 104, articulate by a 
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single liead with a facet on the side of each vertebra, in the same manner as in 
lizards. Only certain groups of lizards have the vertebne with tlie additional 
articular facets on the front and back surfaces known as zygantra and zygo- 
gphenes, but in snakes (as shown in the figure below) these are invariably 
present ; and it is owing to tliis complicated system of articTilation that a snake 
is able to make the wonderful foldings and contortions cliaracteristic of its kind 
without fear of dislocating its spine. It may be added that no snake has any 
trace of a lireast-bone, nor any vestige of a pectoral arch, tluire lieing no rudiments 
of either blade-bone, coracoid, or collar-bone. When progressing on a firm surface, 
an ordinaiy snake, in common with the limbless lizards, walks entirely by the aid 
of its ribs, wliich arc ])ut very loosely articulated to the vertebne, and thus readily 
admit of a large amount of motion. In describing their mode of jirogression. Dr. 
Giinther remarks that ‘‘ although the motions of snakes are in general very quick, 
and may be ailapted to every variation of ground over which tliey move, yet all 
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the varieties of their locomotion are founded on the. following simple process. 
When a pai-t of their body has found some projection of the ground which affords 
it a point of support, the ribs, alternately of one and the otlicr side, are drawn 
more closely together, thereby producing alternate bends of the body on the 
corresponding side. The liinder portion of the body being drawn after, some part 
of it finds another support on the rough ground or a projection; and the anterior 
bends being stretched in a straight line the front part of the body is jiropelled in 
consequence. During this peculiar kind of locomotion, the numerous broad shields 
of the belly are of great advantage, as, by imjans of the free edges of those shields, 
they are enabled to catch the smallest projections on the ground, which may be 
used as points of support. Snakes are not able to move over a perfectly smooth 
surface.” It may be added that a snake is only able to move by lateral ulidulations 
of its body in a horizontal plane ; and that the pictures often seen in which these 
x'eptiles are depicted as advancing with the folds of the body placed in a vertical 
plane are altogether en’oneous. In conformity with their elongated bodies, the 
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internal organs of snakes are long and narrow ; and it is remarkable that, as a 
rule, only qjie of tlie lungs is developed. 

• Resembling the other members of the order to which they 

belong ill tliat their teeth ai*e never implanted in distinct sockets of 
grooves, snakes exhibit some considerable degree of variation with regard to the 
number and structure of their teeth. In the ordinary harmless forms there are 
generally two rows of short, slender, and sharply-pointed teeth in the upper jaw, 
the innermost of which are attached to the bones of the palate, while tlui lower 
jaw carries only a single row of such weapons. One or two of the outer row of 
upper teeth, either at the front or back of the series, may, liowever, be enlarged 
beyond the rest, and grooved or tubular; and it is probable that all snakes with 
such a dental armatui'e are more or less venomous. Some most deadly poisonous 
serpents have, on th(i other hand, a type of dentition of their own ; and there is 
no doubt that all smikes ^vitll teeth of this natur(‘ are extremiily venomous. In 
such snakes the fon^part of the very short maxillary l)one of each side of the 
upper jaw is armed with an elongated tubular tooth, which ordinarily lies nearly 
flat on the surface of the palate, but can be erected, by a peculiar mechanism of 
the bones, wluai the jaws are oi)ened. Although in this group the poison-fangs 
are always tubular, in some of the other venomous serpents they are merely grooved 
for the conveyanc(i of the vtuiom from the secreting gland ; but there is a transition 
betw(^en tlu*- two types, as the closed tube is formed merely by the edges of the groove 
being elevated until they unite in the middle line. In poisonous snakes, on each 
side of the uppei* jaw, below and behind tlie eye, is situated the poison-gland — 
merely an ultra-d(‘\'elo]mient of an ordinary salivary gland ; these glands in some 
cases being so dev(!lo{)ed as to exhmd far back along the sides of the body. The 
gland is ovculain by a layer of muscles, for tlie purpose of forcing the secretion 
into the to(jth (the base of which is always oiien) wlu‘n re(juired ; this action 
always taking place wlaai the snake opens its mouth to bite. Hie poison then 
flows along the channel or tube of the tooth, and is discharged at its exti’cmity into 
the wound. C^nsideralde force is used in the emission of the poison, as, when a 
snake is irritated, the fluid may be seen to spirt for some distance from its point of 
discharge. In some of the less specialised poisonous snakes, the venom-tooth, 
which has an open channel, is not greatly longer tlian the others, and is placed 
nearly vertically whem the mouth is closed. Although the poison-teeth are 
commonly regarded as purely defensive weapons, their chief use is for the de- 
struction of the prey of their owners, which is always killed before being swallowed. 
TThe venoiii-tootlr of the more specialised poisonous snakes is exceedingly likely to 
be broken ofi' during use; but to take its place tlnu’e are always several others 
lying on the gum behind it in different stages of development. 

Harmless and Poi- * Before the doctrine of parallelism in development received from 
sonous Snakes, naturalists the attention it undoubtedly merits, snakes were generally 
divided into harmless and poisonous groups: but since we have become better 
acquaintett with that important factor in evolution, it has been recognised that 
such a distinction is a purely artificial one, and has nothing to do with real affinity. 
Certain groups of snakes, sucli as the members of the viper family, may, however, 
be wholly poisonous; while in other groups, such as the typical snakes, some 
voL. v. — 12 



178 


SNAKES. 


species may be venomous and others innocuous. Many attempts have been made 
to draw up a list of characters by means of which the harmless members of the 
suborder can be distinguished at a glance from those which are hurtful. , On this 
f)oint Ml'. Boulenger writes that there is no sure method of distinguishing the 
two kinds of external characters ; except, of course, by a knowledge of the various 
forms. And even tlien, a cursory examination is not always sufficient, since there 
is, in some cases, a sti'iking resemblance between snakes of totally diflerent affinities, 
by which even specialists may at lirst be deceived. In shoi't, nothing but an 
examination of the dentition can afford positive information as to the poisonous 
or non-poisonous nature of an unknown snake.” 

Distribution Geologically speaking, snakes arc a comparatively modern group, 

being scarcely known below the lowest portion of the Eocene division 
of the Tertiary period, although one or two forms have been described fi’om the 
underlying Cretaceous rocks, and one has recently been recorded from the Gault of 
Portugal — a formation underlying the Chalk. It is not(;w()i*thy that one of the 
North American lower Eocene snakes has tlie additional articular facets of the 
vertebra) but very imperfectly developed; and there can be little or no doubt but 
that the whole group is an offshoot from the lizards. From the commencement of 
the Tertiary period, the group seems to have gonc^ on steadily increasing in 
numbers ; and it is now represented by some fifteen hundred sp(.‘cies, ranging all 
over the world excej)t New Zealand. Snakes are, however, inucli more abundant 
in the moist tropical regions of the globe than in colder regions, and it is there only 
that they attain their maximum development in point of size. India and the 
Malayan countries, where there are representatives of the wliole of the nine families 
into which the suborder is divided, are the home of a greater number of both 
genera and species of snakes than any other part of the world, 'Tree-snakes are 
very common in this region; while the gigantic pythons are sliarod by it in 
common with Africa. The proportion of poisonous to innocuous s})eci(\s is likewise 
very high in the Oriental region, and has been estimated at about oiKi in ten. 
Africa has scarcely half the number of snakes found in the Oriental rc^gion ; and 
it is noteworthy that the forms inhabiting Madagascar have but little in common 
with those of the mainland; the so-called lycodonts, which are so common in 
Africa, being unknown in Madagascar, while some of the forms from that island 
are closely allied to South American tj^pes. Whereas pit-vipers are absent, an 
especial feature of Africa is the number of typical vipei's which inhabit that 
country ; and Australia, whicli differs so remarkably from Indiiii, in its tortoises, 
possesses snakes (and likewise lizards) closely allied to African forms. Next* 
to the Oriental region, tropical America is richest in ophidians, although 
the number of generic types is not so great. The proportion of poisonous species 
is, however, high, and has been estimated at as much as one in eight. In Southern 
Argentina and Patagonia snakes become scarce. Unlike its chelonians, the snakes 
of North America present a resemblance to those of Central America. Indeed, 
a feature of the whole of America is the absence of typical vipers, and the 
abundance of pit- vipers, although several genera of the latter are common to Asia. 
Europe and Northern Asia are comparatively poor in snakes, but (next to Africa) 
are characterised by the number of typical vipers and colubrine water-snakes. 
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Although a few members of the suborder subsist on eggs, snakes 
as a rule capture and devour living animals, which are in all cases 
swallowed* whole, as these reptiles have no apparatus for rending or masticating 
their food. Aiul it is in order that they may be able to swallow larger animals* 
than would otherwise be possible, that they have the power of dilating their jaws 
in the manner already indicated. Not only can the jjaws be thus enlarged, but the 
throat and stomach are capable of dilatation, owing to the circumstance that 
the lower ends of the ribs, from the absence of a breast-bone, are quite free ; and 
in swallowing, a snake seems gradually to draw itself over the object to be devoured. 
The majority of snak(*s devour their prey alive, and a frog may be seen struggling 
in the stomach of a common English water-snake long after it has been swallowed. 
Other snakes, howevtu', kill their prey either by striking it with their poivson-teeth, 
after the manmu* of the vipers, or by encircling and smothering it in the folds of the 
body, like tlu^ boas. Although the pi*ocess of digestion is very rapid, snakes feed 
but seldom : and it has been asserted that two or three frogs are sufficient to supply 
the needs of the English water-snake for a whole year. All snakes drink much, 
water being absolutely essential to their existence. 

As might have btHUi expected from theii’ numbers, snakes exhibit great 
diversity in their modes of life ; and while those of the tropical regions remain 
active throughout tluj year (unless they lie by during periods of drought) the 
species inhabiting colder regiems hibernate during the winter. The most remark- 
able diversity from the ordinary mode of ophidian life is displayed by the blind- 
snakes, which lead a completely subtci‘)*anean existence, very seldom making their 
a[)pearance abov<^ the sui’face. The great majority of serpents are terrestrial in 
th(‘ir habits, seldom entei’ing the water or climbing trees; and these ground- 
snakes, as they may be calltid, are charaetcirised by their cylindiical form and the 
width of the shields on the inferior suj*face of the body. Tree-snakes, on 
the oth(‘r hand, which ai’o mostly remarkable for their brilliant coloration, lead 
an almost completely arboreal life. Frequently they have the body very slender, 
oi* the shidds 011 its under surface may be keeled in order to afford a firmer hold 
in climbing : while in other instances the tail is prehensile. It is among this 
^roup that tlu* egg-eating species arc found. Then, again, we have freshwater- 
snakes, which swim and dive with facility in the waters of rivers and lakes, where 
they spend a large portion of their tinie, feeding on such aejuatic creatures as they 
can capture th<‘rein. As a rule, these snakes are distinguished by having the 
nostrils placed at the top of the muzzle, and likewise by tlic tapering form of the 
•tail. Lastly W(‘ have the s(;a-snakes, which, while having the nostrils situated as 
in the last group, are distinguished by the lateral compression of their tails In 
all cases exti’emely poisonous, these snakes are almost entirely pelagic in their 
mode of life, and seldom approach the land, although in one genus the shields 
on the under surface of the body are sufficiently developed to admit of terrestrial 
progression. 

By far the greater majority of the members of the suborder lay eggs, of an 
oblong form and enclosed in soft leathery shells, which are hatched by the natural 
heat of the places where they arc deposited. The pythons, however, incubate 
their eggs, and at such periods develop a temperature a few degrees above that 



i8o 


SNAKES. 


of the Hurroumlin^ aii'. On the other hand, both in tlu^ fresh\vat(iv- and sea-snakes 
the eggs are retained within the body of tlie mother until they are hatched. 

« Tfie Blind-Snakes. 

Families TypHLOPID.E and GlaUCONITIEE. 

The blind -snakes, which are now aiTaiiged under two families, SLre small, 
worm-like creatures, with cylindi-ical bodies ami shoi't heads and tails, entirely 
adapted for a subterranean burrowing life. Lacking tln^ huge inCerioi* transverse 
shields, characterising ordinary snakes, the blind-smikes have the body and tail 
covered on all sides with round overlapping scal(?s of ccpial size on both the upper 
and lower surfaces ; while there are large shitdds on the foivpart of the- head, one 
of which on each side covers the rudimentary eye. The cleft of the moutli, which 
is very small, is placed on the lower surface of the head, and the jaws admit of 
scarcely any dilatation. An important point of dillerenc(‘. from all the other 
members of the suborder is tliat teeth are absent in eithei* the iipia^i' or lower jaws, 
while in all cases larger or smaller vestiges of the pelvis remain. Tlie most 
important distinction is, however, to be found in the palate of tlu‘- dried skull, 
which differs from that of all other snak(‘s in lacking the so-called transverse or 
transpalatine bone, wliich connects the pterygoid 1 or hindmost bone of the palate 
with the post(irior extremity of the jawbone or maxilla. In the hrst, or typical 
family of the blind-snakes, the upper jaw, which is but looscOy attached to the 
rest of the skull, is furnished with teeth, while the lowta* jaw is toothless; 
the pelvis being represented merely by a single bone on each side. On the other 
hand, in the second family (Gldnconiidai) while the lower jaw is d(*void of teeth, 
there are a few teeth in the upper one, the pelvis being repr(\sented by a pair of 
bones on each side, of which the two anterior ones meet in the middle line. As 
regards their origin, it seems probable that the blind-snakes hav(^, litth^ or no near 
relationship with the other members of the suborder to which tiny bt*]ong. 

The typical blind-snakes, or those belonging to the first of the two families, 
arc inhabitants of all the warm(‘r regions of the globe, and are represented by 
nearly a hundred species arranged under three genera. By far the gn^ater number 
of these species belong to the genus Typhlojhs, which has a disti'ibution coextensive 
with that of the family; the other two genera, namely, Hclmintltopln.^ with five 
species, and TyjMophi^ with one, being confined to Centi-al ami South America. 
The second family contains only the single genus, Glavaw ui, of which there are 
nearly thirty species, found in America, Africa, and Soutli- Western Asia. Very little 
has been recorded in regard to the habits of these curious snakes, although it is 
ascertained that they lay eggs, wliich are few in number, large in size, and elongate 
in form. Although they generally remain in their subterranean burrows, in 
showery weather these snakes not unfrequently come to the surface for a short 
time. The remains taken from their stomachs show that they feed largely upon 
tnillipedes and ants, and they probably also consume the larvm of many insects. 
Captive specimens have been observed to drink freely. The European blind-snake 
{TyjMops vrrmicuUiriH) is an inlnibitant of Greece and several of the adjacent 
islands, Asia Minor, Syria, Arabia Petreoa, and the Caucasus as far as Transca^pia. 
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The Pythons and Boas. 

Family BoiD.K 

Including the largest of living snakes, this family is now regarded as being 
the most gcmciralised of the entire suborder ((*xclusive of the blind - snakes), all 
the othcu's presciiiting such characters as would admit of their having taken 
origin from anct^stral types belonging to the one under consideration. In 
common with the remaining families, the boas and pythons differ essentially 
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^rom the blind-snakes in that both jaws are fully toothed, and likewise in the 
’^presence of a transverse bone to the palate. The characters specially dis- 
tinguishing the present from the other families of the sulxmler are, un- 
fortunately, larg(‘ly derived from the structure of tlu^- skull, and therefore 
require some dagree of anatomical knowledge for their pi’oper appreciation, while 
th^y cannot be described without the use of a considerable number of technical 
terms. It may be mentioned, however, that the lower jaw has on the inner side 
of each bBxnch a thin bone known as the coronoid; while on tht‘ top of the skull 
the prefrontal bones, which lie on the outer side of the forepart of the trontals, 
articulate with the nasal bones, or tlioso rooting the front of the cavity of the nose. 
In the hinder part of each side of the skull lies a large bone, termed the supra- 
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temporal, from which is suspended the quadrate -bone for the articulation of the 
lower jaw; while a further important characteristic is to be found in the presence 
of vestiges of the pelvis and hind-limbs, the latter usually taking the form of a 
claw-like spur situated on either side of the vent. The family, which contains 
a very large nunib(jr of genera and species, has an extensive geographical dis- 
tribution, being represented in South-Eastern Europe, Central and Southern Asia, 
Africa, Australia, the West Indies, Western North America, and Central and South 
America ; it is thus essentially characteristic of the warmer regions of the globe. 
Pythons belonging to extinct genera lived on the Continent and in England 
during the earlier part of the Tertiary period. 

True Pythons large snakes to which the term python propeily belongs are 

the typical representatives of the first of the two subfainilitis into 
which the Boidm are divided; the essential feature of this subfamily {Pyilicmhuv) 
being the presence on the upper aspect of the skull of a supraorbital bone lying on 
each side of the frontal bones, and forming tlie upper border of the socket of the 
eye. Agreeing with three other less important genera in the presence of teeth in 
the preraaxilla) or anterior upper jawbones, and also in generally having two rows 
of shields on the under surface of the tail, the pythojis arc specially characterise jd by 
the distinctly prehensile tail, and likewise by the pi'esonce of deep pits in the rostral 
and anterior upper labial shields of the head. As minor characteristics, it may bo 
mentioned that the teeth, none of which arc grooved, gradually decrease in size 
from the front to the back of the jaws ; wliile the eye is of moderate sizes with a 
vertical pupil. The head is distinct from the neck, and lias the extremity of the 
snout covered with large shields, while its hinder portion may be overlain either 
with symmetrical shields, or with small scales; and each nostril is placed in a 
half-divided nasal shield, separated from its fellow on the opposite side l)y a pair 
of internasal shiolda The body in these snakes is more or less comj)ressed, while 
the scales on the upper surface and sides are small and smooth ; and the prehensile 
tail is of moderate length, or short, with the whole or greater part of the inferior 
shields arranged in two rows. 

Distribution and Pythons, or, as they are frequently termed, rock-snakes, are 
Habits. represented by nine species, and range over tropical and South 
Africa, South-Eastern Asia, and Australasia. With the excerption of the American 
anaconda, some of the pythons are the largest of all snakes, and although there 
has been much exaggeration in this respect, it is now ascertained that the 
Indian python {Python moluriifi), represented in the figure on p. 181, occasionally 
attains a length of 30 feet, while the West African python (P. sch(v) is stated to 
reach 23 feet. It is, however, but seldom that pythons of more than from 15 to 20 
feet in length are met with, and these are sufficiently formidable creatures, since 
they have a circumference as largo as a man s thigh, and easily kill such animals 
as small doer, full-grown sheep, and dogs of considerable size. They are, however, 
unable, according to Dr. Gunther, to devour animals of larger dimensions than a 
half-grown sheep. A python destroys its victim in much the same manner as do 
many of the smaller snakes, gradually smothering it by throwing over it coil after 
coil of its body. In swallowing, writes Dr. Gunther, pythons “ always commence 
with the head [as shown in the figure of the African species], and as they live 
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entirely on mammals and birds, the liairs and feathers offer a considerable impedi- 
ment to the passage down the throat. The process of deglutition is, therefore, slow, 
but it would be much slower except for the great (quantity of saliva discharged 
over the body of the victim. During the time of digestion, especially when the 
prey has been a somewhat large animal, the snake becomes very lazy ; it moves 
itself slowly when disturbed, or defends itself with little vigour Vhen attacked. 



AFRICAN PYTHON SWALLOWING A BIRD (J Bat. size). 


At any other time the rock-snakes will fiercely defend themselves when they 
perceive that ^lo retreat is left to them. Although individuals kept in captivity 
become tamer, the apparent tomeness of specimens brought to Lurope is much 
more a state of torpidity caused by the climate than an actual alteration of their 
naturally fierce temper.” In their general habits snakes of tliis genus are 
nocturnal, and they gimerally live on or among trees in the neighbourhood of 
water, frequently swimming in the water. The I’eticulated python (P. reticnlatua) 
of Burma and the Malayan Archipelago, which attains a length of some 16 feet, 
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not unfroquently taken xip its abode in buildings, whence it issues forth at night 
to capture such prey as it can find. 

It liad long been reported by travellers in India that pythons incubated their 
(?ggs, and although sucli reports were received with incredulity, their truth was 
established in 1841, wlieu an African python in the Jardin des Plantes, Paris, laid 
fifteen eggs on tlie 6th of May, wliich she subsequently proceeded to incubate. 
When first laid, the eggs, which were completely separate, were soft, oval, and 
ashy grey, but tliey soon assunuid a rounder foiin, anti a clear white tint, at the 
same time haj'deiiing. The parent collected them into a cone-shaped pile, around 
which she rolled herself in such a manner as to conceal tht^ whole number, witli 
her head forming the summit of the cone. For upwards of six-and-lifty days this 
position was maintained without movement, except when persons attempted to 
touch the eggs. On July the 2nd, the shell of one of the eggs sj)lit, revealing a 
fully-formed python within ; and on the next day the little creature came forth into 
the world. During the four succeeding days, eight more snakes made th(‘ii* aj^pear- 
ance, but the rest of the eggs were spoilt. In from ten days to a fortnight the 
young pythons changed their skins, after which they caught and devoured some 
live sparj*ows, seizing and smothering them in the manner in wliich full-grown 
individuals destroy prey of larger size. 

Species of According to Mr. Boulenger, the number of species of python is 

Python. nine, which may be diviiled into two groups, according as to whether 
the number of pairs of shields on the lower surface of the tail exceeds or falls short 
of fifty. The former group may be further subdivided into two si'ctions, according 
as to wh(»ther the number of scales in a row round the thick(‘st part of the body 
varies from thirty-nine to sixty, or from sixty -one to ninety-thrt‘(‘. The first 
representative of the former of these subgroups is the Australian diamond-snake 
{P. spilotis)^ represented in the illustration on p. 185, which is charactei'ised by the 
crown of the head being covei'cd with scak‘s or small irixgular shit‘lds, and the 
presence of pits on two or three of the upper labial shields of the snout. This 
snake, which was formerly referred to a genus apart {Morelia), is aji inhabitant of 
New Guinea and Australia, and is of comparatively small size, attaining a total 
length of only about 6i feet; its coloration being (*xtremely variable. The variety 
in which the skin is most spotted was long regarded as a distinct species, under 
the name of the carjiet-snake. The other two mtunbers of this group are the 
amethystine jiython {P. ameikijHfiniis) and the Timor python (P. thnorcnnis\ both 
distinguished by the presence of large symmetrical shields on the crown of the 
head, and by four upper labial shields being pitted. The former, which grows to 
a length of about 11 feet, ranges from the Moluccas and Timor to New Guinea,. 
New Irelaml, New Britain, and the North of Queensland; while the latter is 
restricted to the islands of Timor and Flores.' The second subgroup, or the one 
with from sixty-one to ninety-three scales round the body, includes three species, 
of which the Malayan reticulated python (P. reticidatw) has from sixty-nine to 
seventy-nine scales in a row, and four upper labials with pits. This species, which 
ranges from Burma and the Nicobar Islands to the Malayan region and Siam, is 
one of the largest of the genus, occasionally reaching upwards of 30 feet in length. 
In colour, it is light yellowish or brown above, ornamented with large cii^cula]^* 
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rhomboidal, or X-Hhaped dark markings ; wliilc the liead has a median black line, 
and the mider-j^arts are yellowish, with small brown spots on the sides. It is, 
however, "subject to considerable variation, a specimen from Siam in the London 
Zoological Gardens showing bright yellow lines on the sides. Young specimen^ 
show three longitudinal rows of light spots with black edges along the back, 
Somewhat smaller is the African python (P. sehcY), of tropical and South Africa, 
which aftains a length of about 23 feet, and has from eighty-one to ninety-thx'ec 
scales in a row on the thickest part of the body, and only two of the labial shields 


V/\ 


?/ “J 









A ; J // / /~" 

I 

1 





















mBSL 
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pitted. This species occurs ty])ica]ly in West Africa, from which region came the 
specimen represented in the illustration on p. ] 83 in the act of swallowing a bird ; 
and it was long consiilered that the South African python or Natal rock -snake was 
a distinct speejes. Its colour is pale brown above, with dark brown, black-edged, 
and more or less wavy crossbars, usually connected by an interrupted or continuous 
dark stripe i-unning along c'ach side of the back ; while the sides are marked with 
largo black spots and small <lots. On the top of the head is a large triangular daik 
brown blotch, which is bordered on each side by a light stripe commencing above the 
nostril at the <‘nd of the muzzle, and passing above the eye ; and there is a dark 
stripe on each side of the head, and a somewhat triangular blotch beneath cjich eye. 
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The tipper surface of the tail has a longitudinal light stripe bordered on each side 
by a dark one; and the under-parts are spotted and dotted with dark .brown. In 
India, Ceylon, the south of China, the Malay Peninsula, and Java, the last-named 
species is replaced by tlie Indian python (P. molar us), represented in the illustra- 
tion on p. 181, in the act of strangling a chevrotain. While agreeing with the last 
in having only two of the labial shields pitted, it differs in having from sixty -one 
to seventy-five scales in a row, and likewise in that the rostral shield is broader 
than long, instead of with these two diameters ecpial. In colour, this python is 
greyish-brown or yellowish above, with a series of large elongated scpiared reddish 
brown black-edged spots down the middle of the back, flanked by a series of 
smaller ones. The head and nape of the neck have a sj)ear-shaped brown mark ; 
and a brown band runs on each side of the head through the eye, while there is a 
vertical one of this colour beneath the latter. The under-parts ai'e yellowish, with 
the sides spotted with brown. Known in India by the name of adjiga, this python 
ranges through Peninsular India, Rajputana, and P>engal, to the foot of the Himalaya, 
and is not uncommon; but in Ceylon, the Malay Peninsula, and Java, it is rare. 
It does not commonly exceed about 12 feet in length. 

Tlic three remaining species of the genus form the second main group, in 
which there are less than fifty pairs of shields on the lower surface of the tail ; the 
number of sliields in a row at the thickest part of the body varying from fifty- 
three to sixty-tlu'ce, and neither of the species being of wry large size. The 
best known of the three is the royal python {P. regiiis), of Senegambla and Sieri\a 
Leone, which is generally represented in the collection of the Loiuhjn Zoological 
Gardens; the other two being the rare Anchietas i)ython (P. anclnettv), of 
Benguola, and the 8umatran python (P. curfiis). 

The subfamily of the Pothonlme is represented by six other 
Allied Genera. jo i »/ 

genera, which demand merely a brief reference ; tlu‘- first three of 

these agreeing with the typical genus in the presence of teeth in the premaxillary 

bones, while in the remainder that portion of the upper jaw is toothhss.s. From the 

pythons the first three genera may be distinguished by the tail being but very 

slightly, if at all prehensile, and by the rostral slneld of the head being either 

devoid of pits, or with only very shallow ones. 'Phe first genus {Loxoce7nus), as^ 

represented by a single comparatively- small Mexican sp(jcics (X. hicolor), lias 

no pits in the labial shields, no loreal shield, and the nostril situated in a single 

nasal shield. Nardoa hoa, of New Island, alone represents the second genus, and 

may bo distinguished by the presence of pits in the lower labial shields, and by the. 

laterally placed nostril being situated between two nasal shields. On the other' 

hand, the third genus, Liasis, is represented by several speci<‘s ranging from Flores 

and Timor to Papua and the north of Australia, and may be distinguished from 

the second by the nostril being placed more superiorly in a haK-divided nasal 

shield. Finally, three genera in which the anterior jawbones, or premaxilloe, are 

toothless are Chondropython, with one Papuan species; Asjddiies, represented by 

two species from the north of Australia; and Calaharia, with a siiigle West 

African representative. The interest attaching to these snakes is the connection 

which they form between the pythons and the boas. Thus while the two first 

differ from the typical pythons and resemble the boas in the presence of teeth on 
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the palate, the second and third likewise agree with the latter in having the 
shields Oft the lower surface of the tail mostly or entirely single ; the tail itself 
being but slightly, if at all prehensile. 

Tree-Boas tree-boas of tropical America may bo taken as examples of 

the second subfamily (Hoinm) of the assemblage of snakes under 
consideration. The mombcj-s of this subfamily can be distinguished from the 
preceding group solely by the absence of a supraorbital bone on the upper surface 
of the skull above the socket of each eye. They further difler from all the 
pythons, with the exception of two of the three genera last mentioned, in having 
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teeth on the palate ; and, with the exception of the whole three of the connecting 
genera, in the absence of teetli in the anterior upper jawbones, or preinaxillae. 
•Moreover, the boas and theii* allies further differ from the typical pythons in 
having the shitdds on the lower surface of the tail for the most part single, 
thereby agreeing with the genera Asjddiies and C(dabari(i\ and thus showing 
that the small group to which the two latter belong forms such a close connection 
between the pythons and boas as to preclmle their reference to separate families. 

In .common with the majority of the thirteen genera, into which the 
subfamily is divided, tlio tree-boas are characterised by having the head distinctly 
defined from the nock, and the tail more or less prehensile. They are specially 
distinguished by the anterior teeth being much larger than the hinder ones ; by 
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the smooth scales of tlio body ; by the presence of shields on tlici head ; and by the 
labial shields being either devoid of pits or with only sliallow ones; In form 
the body is more oi- less compressed, and the tail either moderate or long; while 
the eye is of medium size with a vertical pupil ; and the shields on the head may 
be either small and irr(‘gular, or large and symmetricaL 

These snakes are represented by nine species, the largest of which is the pale- 
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DOG-HEADED TREE-BOA IGlt. sizo). 

headed tree-boa (Epierates angulifer) of Cuba, attaining a length of about 7 feet ; 
another well-known species being the streaked tree-boa (E. driatus), from San 
Domingo and the Bahamas. The thick-necked tree-boa (E. ccnchriH)^ must, 
howev(‘r, be mentioned, its habitat ranging from Costa Rica to the ^ northcim 
districts of Peru and Brazil. The figured species, which attains a length of about 
5 feet, is cither pale brown above with dark olive-brown spots separated by 
narrow intervals from one another, or brown with wavy or zigzag yellowish 
crossbands, not unfrequently margined with blackish brown. Each side of the 
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head usually has a more or l(‘ss distinct streak beliiiid tlio oyc ; while the under- 
parts are p.ale olive or yellowisli, more oi* less spotted with brown or black. 

Dogr-Headfed Closely allied to the last, the five species ot the j^enus Corallus 

Tree-Boa. distinguished by liaving deep jjits in the labial shields of both 

the uppc‘i’ and lower lips. The body is compi-cssed. with small smooth scales, and 
the prehensile tail is eitlua' short or more or less elongated. This genus has a 
somewhat remarkable <listribution, four of its representatives being inhabitants 
of tropical America, wliiJci the fifth {(>, 'i)i(i<Utga 8 caricvmH), which is distinguished 
from th(i rest by the shortmsss ot its tail, is restricted to Madagascar. The 
dog-headed tree-boa {C, caaiinis) is a native of the Guianas and Brazil, and 
usually attains a length of some 5 feet, although it may be considerably larger. 
It belongs to a gi'oup of two American species distinguished from the other kinds 
inhabiting tlui same countricss by the relatively shorter tail, which lias only from 
sixty-four to eighty-two shields on its inferior surface; whereas in the true 
tree-boa {C. hortidav ns), and another species, tln^e are at ](‘ast a hundred of 
these shields. The sp(icies here figured is specially characterised by having the 
scales arranged in sixty-one or seventy-one rows, and by the number of shields on 
the un<h‘r siu’face of tlie body ranging from one hundred and eighty-eight to two 
hundred and ninet(‘en, wliile those on the tail vary from sixty-four to seventy-nine. 
In colour this snakci is decidedly handsome, the upper-parts of the adult being 
bright gr<‘en, oimauiented with irr(‘gular spots and crossbars of white, and the 
under-parts briglit yellow. In the young the ground-colour is yellowish, and the 
white markings are edged with dark green or purplish black. Most abundant 
in the neighbourhood of the Amazons, this spc^cies becomes more rare in (iuiana, 
whih‘ southwards it likewise <liminisht‘s in numbers in lower Brazil. Feeding 
principally upon birds, the dog-headed boa is an excellent swimmer, and has been 
observed both in tlic Kio Negro and in the salt-watc^r of the beautiful harbour 
of Rio do Janeiro. Although it frequently visits the huts of the Brazilian negroes 
in search of it <loes not appear that this snake (iV(ir voluntaidly attacks 

human beings. ^ if, however, it is driven to bay and unable to esca])e, it is capable 
of inflicting very severe bites with its long front teeth, sucli wounds being 
^Ufficult to heal. 

Keeled A third genus of tre(‘-boas {Enygriis) is distinguished from both 

Tree-Boas, the preceding by the scales having distinct keels ; the labial shields 
of the head being devoid of pits, and the tail short and prehensile, with a single 
xow of sliields on its inferior sin-faco. This genus is represented by four species 
• inhabiting the Moluccas, the Papuan region, and Polynesia. 

This gigantic snake is the sole member of a group of several 
Anaconda. distingiiishtHl from the tree-boas by tlio teetli gradually 

decreasing in mvx from the front to the hack of the jaws without any marked 
enlargement of those in the fore-part. Merely mentioning the allied tropical 
American genera, Trachyhoa, Ihujalia, VLmW^\g<tliophis,i\\ii fli’st and last of which 
arc each reprostmted only by a single species, we may observe that tlie anaconda 
is specially distinguish(‘d as a genus by the large size of the rostral shield of 
the head, behind which one pair of the nasals come in contact with one another 
in the middle line, and hy the very small size of the smooth scales of the body. 
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The head is markedly distinct from the neck ; the nostrils are directed upwards 
and placed between three pairs of nasal shields, of which the hindmost are those 
which meet in the middle line ; the small eye has the pupil vertical ; the body 
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is cylindrical ; and the tail is short and slightly prehensile, 'Vjirith a singlie row of 
shields inferiorly. In colour the anaconda is greyish brown or olive above, with 
either one or two series of largo blackish transverse spots, and a single or double 
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row of lateral eye-like spots having wliitisl) centres and blackish rims. The 
upper part of the head is dark, and divided by a black streak terminating in a 
point on the muzzle, from the ligliter cheeks ; while another obli(][ue black streak 
runs on each side behind the eye : the under-parts being whitish with blackish spots.* 
The anaconda {Eiinecen WAirinus) is an inhabitant of the Guianas, Brazil, and 
North-Eastern Peru, and is esvsentially an inhabitant of tropical forest regions. That 
it is the largest of all living snakes tluire can be little doubt, but the precise limits 
of size to which it may occasionally attain cannot be ascertained. A stuffed 
example in the British Mus(ium has a total length of 29 feet, and the species is 
commonly stated to reach 33 feet, while, if native reports are to be trusted, 
individuals of Tnuch larger size are occasionally met with. Although naturalists 
are generally indisposed to credit the existence of monster's of 40 feet, or even 
more, we confess that personally we arc unable to share their incredulity, as it is 
very improbable that the largest specimens have come under Eurojrean observation. 
From all accounts, it appears that the anaconda generally spends more of its time 
in the water than on land, fre(j[ucntly floating down rivers with the current, 
and at other tini(*s linking in quiet pools witli only its head I'aised above the 
surface of the water. In such situations, or resting on rocks, stranded tree trunks, 
or sandbanks, it lies in wait for its jirey. It, however, frciiueiitly leaves the 
water to pass a longer or shorter period on shore, when it may bo found either 
in trees, among rocks, or even on hot sand; and it appears that when in a tree 
this snake will often dart down its luiad from a considerable height to seize a 
passing peccary or othei- animal. Bates tells us that the anaconda will occasionally 
seize human b(‘ings, and this statement is fully confirmed by other observers. In 
Brazil, where water is abundant throughout the year, this snake is active at all 
seasons, although it is stated to display the most activity during the hot months 
of December, January, and February. In other districts, however, according to 
Humboldt, during tlie dry season, it is in the habit of burying itself deep in the mud 
of the dried-up rivers, where it is sometimes disinterred by the natives in a torpid 
condition. Very little is known with regard to the breeding-habits of the anacondji. 
Since, however, females have sevm’al times been killed, containing eggs with embryos 
advanced inside them, it would seem that the young are born alive. When they 
first make their appearance in the world, the young ai*e reported to take to the 
w^ater, although they soon h^ave it to pass a large portion of their time in trees. 

Long supposed to be exclusively a tropical and South American 
gi-oup, the true boas are common to the hotter regions of America 
‘and Madagascar. Fi-om the anaconda, the boas may be distinguished by the 
■u'holc of the nasal shields being separated in the middle line by small scales. ’The 
body may bo either oylindrical or slightly compressed ; and the shoi*t and more or 
less prehensile tail may have cither the whole or a portion of the shields on its 
lower surface arranged in a single series. In America the genus is represented 
by five species, two of -which range as far south as the inland districts of upper 
Argentinqf All species are characterised by having the lorcal region of the head 
covered either with a single small shield or with small scales, and by the number of 
rows of shields on the under surface of the tail ranging from forty-five to sixty-nine. 
Qii the other hand, in the Malagasy boas {Boa rmdagascariensis and duvieHli) 
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there are several shields on the same region of the head, while the number of rows 
of shields beneath the tail is only from twenty to forty -one. The best, known re* 
presentative of the genus is the common boa, or boa-constrictor {B, constrictor), 
Vhich ranges in South America from V'^enczuela to upper Argentina. At times 
reaching as much as 12 feet in length, it has the muzzle slightly prominent in the 
adult, althougfi obliqucdy truncated in the immature state. In general colour ih is 
pale brown on tlie upper-parts, with from fifteen to twenty dark brown crossbars, 
which expand inferiorly, sometimes to such an extent as to become connected on 
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the sides of the body, and thus to surround oval or elliptical spots of the light ground- 
colour ; the expanded portion of each bar having a light longitudinal line. On the, 
sides are a series of large liglit-centred dark brown spots, most of which alternate * 
with the crossbars ; and on the tail all the markings become relatively larger, of 9. 
brick-red colour, margined with black, and separated by yellowish intervals. From 
the muzzle to the nape runs a dark brown median streak, widening posteriorly, where 
it may be looped ; another bar of the same colour passes on each side of the head 
through the eye, while there is a third below the latter, and the lips are marked 
by such bars ; the rostral shield of the snout being also ornamented with a«crcscentic 
blackish mark. The under-parts are yellowish, with spots andj^-jcllots, or merely dots, 
of black. The whole tone of coloration is dull, sombre, and adapted to harmonise 
with the shades of brown, black, and yellow on the bark of tropical forest treea 
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Could wo but Bee the lx)a during the night in the depths of its native forests 
—at which time alone it is thoroughly active — we should doubtless obtain a very 
diftereilt idea of the creature than that which we gather from the inspection in the 
daytime of the lethargic specimotiB in menageries. Lying coiled on the branch of 
some large tree, with its head projecting ready to be darted on \ts prey with the 
rapidity of lightning, the boa is generally unobserved by the passing tx’aveller 
unless it happens to make a dart at an unfortunate dog belonging to his party. 
Feeding generally on such mammals as agutis, pacas, rats, and mice, which are 
destroyed in the manner from whence is derived its trivial name, the boa, when it 
attains unusually large dimensions, is also capable of killing deer and large dogs ; 
while it is always n^ady for such birds as it can capture, and does not disdain, 
when in captivity, a meal of eggs. Tlic stories of its killing adult human beings 
and horses are, however, mere fabrications. Nothing is known of the breeding- 
habits of this snake and its kindred in a wild state; but from observations made 
on specim(‘ns in caj^tivity, it appears that the eggs are generally hatched within 
the body of the partuit, although one instance is on record where young and eggs 
were proiluced simultaneously, l^o European palates, snakes would probably bo 
highly unacc(‘ptablo as food, however temptingly they might be dressed; but in 
Eastern South Anuudea, the flesh of the boa is regarded as a most dainty dish, 
while its fat is reputed to be highly efficacious in the healing of various diseases. 
The skin is use<l to oinament saddles and bridles, and for other decorative purposes. 
None of the other nuanhers of the genus attain dimensions equal to those of the 
common boa, the IMalagasy species being the smallest of all. 

Keel Scaled The last representative of the section of the subfamily in which 

the h('ad is well deflned from the neck, and the tail more or less 
prehensile, is the keel-scaled boa (Gasarea of Round Island, near 

Mauritius, distinguished as a genus by the keeling of the scales, and the long tail ; 
its oth(‘r general characters being similar to those of the true boas, except that the 
nasal shields of the head are separated by a pair of internasals. This snake, which 
attains a length of about 4 feet, and has a prominent and obliquely truncated 
muzzle, is either uniform pale brown above, or brown with two dark stripes and a 
-lateral series of small spots down the body, a dark streak on each side of the head 
through the eye, and the under-parts either plain yellow or yellow spotted with 
black, the under side of the tail always having such spots. 

Saad sxuLkes snakes of this genus, together with those of three allied 

genera, which arc the remaining members of the family, may be 
distinguished at a glance from the boas and their allies by the gradual passage of 
the head into the body without any constriction at the neck; while they are 
further characterised by the tail being, at most, only slightly prehensile. From 
their allies, the sand-snakes are distinguished by the small scales being either 
smooth or singly keeled, and by the head being covered with small shields, of 
which the rostral is enlarged. The eye is small, and sometimes minute, with a 
vertical.*pupil ; while the body is cylindrical; and the vei^rishort tail, which is 
frequently without any power of prehension, has a single rojpr of shields on its 
lower surface. These snakes are represented by seven species, with a geographical 
distribution including Northern and Eastern Africa, i^d Southern and Central 
vou 
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Asia, as well as a part of the extreme south-west of Eiirop(\ The best known 
species is the Egyptian saml-snake {Eryx jaculuf<), which luis a length of about 
2 feet, and is an inhabitant of the Ionian Islands, Greece, South- Western and 
Central Asia, and tlui north of Aft-ica. In colour it is very variable, the npper- 
parts being in soyie example's pale greyish, reddisli, or yellowish brown, ornamented 
cither with dark brown or blackish transverse blotches or altcnmating spots, while 
in other cast's the general colour is brown with pale sj)ots. A dark streak runs 
HErom each eye to the angle of the mouth; the under-parts art' either uniform 
white, or wlnte with blackish dots ; and there is a more or less distinct dark 
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streak along each side of the tail. This species is exceeded in size by the Indian 
sand-snake {E. johni), which attains a length of over a yard, and inliabits the 
plains of North-Western, Central, and Southern India. This snake is generally 
banded, but the young may be of a uniform pale coral-red coloilr. Althou^ 
resembling the boas in being nocturnal, these snakes arti quite different in their 
mode of life, inha]^ilai|gj>pen j^ndy plains, feeding on sniall mammals, lizards, 
and worms. In of their prey the^^fl 5 jifquently enter holes and crevices 

among rocks, and also buri’ow in tit^sand. They are perfectly harmless, 

and generally inal^e Sfttempt tb bite; but they are somewhat unsatisfactory 
creatures in captivity, ow^g to tlleir habit of lying concealed sAhong the gravel 
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of their cage. The Indian species is freqtiently cari'ied about by snake-charmers, 
who are in the habit of mutilating the sliort tail so as to make it look like a 
head ; •v^ience arises the leg(?nd of two-headed snakes. A second Indian species 
(A’. conic ti><) was i*ei‘eiTed to a separate genus {Gougi/lojtltis), on account 

of having a series of keeled scales between the eyes. 

Of the remaining ineinbers of the family, Lichammt, with one 

Allied Gduera. . . 

Californian species, differs from the sand-snakes by the smaller size 
of the rostral shi(‘l<l, which is longer than wide; while Char in a, which is likewise 
Californian, has the head cov(‘red with large shields. On the other liand, BoHeriaj 
as represented by a single species from Kound Island, lu^ar Mauritius, diffens from 
all the other mendjors of the grouj) in liaving three or four keels on the scales, the 
muzzle being cov(n\‘d with large shields. 

Extinct Python- In this placii may be noticed certain gigantic snakes from the 
like Snakes, lower an<l middle Eoctaie rocks of Eui’ope, described under the name 
of Palatojfh is, and represent(*d l.)y closely allied, if not generically identical forms 
in the c()n‘(‘sponding strata of Nortli Americfi. Ef|ual in sizt^ to those of the largest 
pythons, the VfM’tebim diHer from th(‘ latter (shown in the tigure on p. 18) by the 
much gn^atfU' height of th(‘ np[)er or mural spim‘, which lias not the backwardly- 
directed proci'ss at its summit characterising the pythons. From the shape of 
these vertebrae, it is pretty certain that these snakes had compress(‘d bodies like 
the modern s('a-snakes, whihi from tlie nature of ih<‘, dejx)sits in which their remains 
occur, th(‘r<‘ can be little doubt that they werti marine in their habits. Whether 
they were rcadly alliiul to tlu‘ pythons and boas may bo doubtful, but in any case 
it is probable that they indicate' a s('])arate family. 


Thk (Axtnj)Kk-8xakes. 


Family ILYSIID.K. 

Agreeing with the pythons and boas in tin* retention of vestiges of the hind- 
limbs, tlie small group of cylinder- snakes appears to form a c(3nnecting link 
,,betwe('n the two former and the under-mentioned family of shield-tailed snakes; 
their ess(*ntial point of distinction from the preceding being that the supra- 
temporal boia^ of tlie skull is of small size, and included in the walls of the brain- 
case, inst(‘ad of standing out as a support for the quadrate- bone, which is much 
•shorti'r than in the boas and pythons. Teeth are present on the palate as well as 
in th(^ jaws ; and the vestig(‘s of the hind-limb usually take the form of a spur on 
each side of the vent. In g('i\eral appearance, and in the arrangement of the 
scaling, these snakes approximate to the boas; wliile as regards the structure of the 
skull they ai-e*intermediate between them and the next family. The distribution 
of the group is remarkable, being restricted to Ceylon and South-Eastern Asia in 
the Eastern, and to Tropical America \n the Western Hemi^hej:(^. Three genera, 
of whichjlwo have one sptjcies, whil^ third has three, repi^seht the family. 

Coral Cyiinde^. The single i'(>presei|fc^ve of the typical genius of the family is 
Snake. beautiful coral cylinder-snake {Ilysia seytale)^ inhabiting the 

Quianas and Uppir Amazonia, and attaining a kngth of something over feet. 
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The distinctive features of the genus are the presence of two teeth in the anterior 
upper jawbones, or preinaxillai, and the eye being situated in the middle of an 
ocular shield. The colour is a splendid coral-red, ornamented with black rings, or 
incomplete ring-like black bands. From the little that is known concerning its 
habits, it appears that this snake is sluggish in its movements, and never wanders 
far from its retreat, which is situated under the roots of a tree or in a hole, or cleft 
in the ground. It feeds on insects and blind-snakes, and produces living young. 

The true cylinder-snakes, as typically represented by thii red 
snake (Cylindropliis rufws), differ from the preceding by the absence 
of teeth in the anterior upper jawbones, and likewise by the eye not being 
included in any of the head-shields. This genus has three representatives, and is 
distributed over Ceylon and South-Eastern Asia to the eastwards of the Bay of 
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Bengal ; the common red snake ranging from Burma and Cochin-China to the 
Malayan region. This snake, which attains a length of about 2| feet, is either brown 
or black above, with or without light alternating crossbars ; the under-pai’ts being 
either white with black transverse bars or spots, or black with white bands ; while 
the under surface of the tail is of a brilliant vermilion hue. All the snakes of 
this genus are burrowing reptiles, seldom showing themselves above the surface of 
the ground, and feeding on insects, worms, and the smaller mammals. In common 
with their allies, they have the body covered with polished, rounded scales, which 
(in conformity with their burrowing habits) are scarcely larger on the upper 
than on the lower aspect, although becoming wider on the inferior sCirface of 
the tail. 

The third genus of the group (Anomalochilus), represented by a single species 
from Sumatra, differs from the preceding in the absence of a groove on the chin. 
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The Shield-Tails. 

Family JJllOFELTlBJE, 

The snakes of this family, while agreeing wiili the boas and - pythons in the 
striictu¥e of the lower jaw, are sharply distinguislied by the loss of all traces of the 
limbs, and likewise by the complct(i disappeai-ance of tht* suprateiriporal bone in 
the skull. By Mr. Boulengei- they are regarded as directly descended from the 
preceding family of the suborder. The skull is remarka])le for the firm union of 
its constituent bones; and although both jaws are toothed, the teeth are small and 
feeble, and very raindy present on the palate. Externally these snakes are charac- 
terised by theii- cylindrical bodies ; short, narrow heads, which pass imperceptibly 
into the neck; and by the 
extnaiiely short, truncated, or 
slightly tap(n’ing tail, which 
generally ends in a rough, 
naked disc, although in one 
genus it is covei-ed witli keeltKl 
scales. On the bo<ly the scakis 
are small and j^olished, those 
on the low(n’ surface being 
always somewhat larger* than 
those above; tlie eye is minute, 
and tile ehsft of* the mouth 
compar^atively small, and in- 
capable of much dilatation. 

Th(‘se snak(‘s are repre- 
sented by upwards of si^ven 
gentira, some of which com- a shield-tailei) snake. 

prise a large number of species, 

and arc rc^stricted to (k^ylon and the mountains of Peninsular India. They are 
purely burrowing creatures, generally living in soft earth, at a dejrth of several 
feet, and consequently but seldom seen unless specially searched for. They are 
frequently dug up in the cultivation of tea and coffee plantations, and may be 
found beneath logs and stones. On the mountains these earth -snakes, as they 
are frequently called, may be met with in the open grass-lands ; and during the 
rainy season they not unfrequently leave their burrows to travel some distance 
*on the surface. Of relatively small size, many of them arc beautifully coloured 
with red and ^yellow, while those that are black display an iridescence like that 
of some of the smooth -scaled skinks among the lizards. The food of these reptiles 
appears to consist solely of earth-worms ; and the eggs are hatclied before quitting 
the body* of the parent. There is a legend current among the natives of India to 
the effect that every time a cobra bites it loses a joint of its tail, and eventually 
acquires a head like that of a toad : and Sir J. E. Tennent was of opinion that 
this fable was based on the shield-tailed snakes, in which the jaws have lost the 
great power of dilatation so characteristic of serpents in general. 
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The CoLUHRiNE Snakes. 

Family COLUmilDK. 

The skulls of the remaiiiiug snak(;s are markedly distinguished from those 
of the fon^goiiig by the total absences in the lower jaw of the bone known as the 
corouoid; while in all cas(‘s a supratemporal is present on th(‘ iijjper sui-face of the 
skull. The present family, wliich includes by far the great majority of the species 
of the suborder, and comprises both luxrmless and noxious kinds, is specially 
distinguished from those to be numtioned later on by the circumstance', that in 
the skull the upper jawbone, or maxilla, is fixed in a horizontal position, and 
also that the pterygoi<ls reacli either to the quadrate-bone or th(‘ lower jaw. 

Before coming to the Colubrine family it should, howc'.ver, be mentioned 
that there is one remarkable snake (Xniojtellis vnicolor), from South-Eastern 
Asia, retaining in the structure of its skull traces of afllniii(‘S with tlie, boas and 
pythons. This affinity is displayed by the fact that th(‘ ])refrontal bone, which 
lies inxnu'diately In^hind the nasal aperture of each sid<-‘, is of ]arg<.‘ size, and 
extends forwai’ds and inwards to articulate with the nasal boiu' in tlai same, 
manner as the boas. Accordingly, this snake> is regardt‘d as the n'presenbitive of 
a distinct family {XanopeUidiv), which is considered to have originatt‘d from the 
Boiddi quite independently of the Colubriiies. 

From Xcnoj>elti^ the (^dubrines are distinguislu‘.d by tli(‘ small size of the 
prefrontal bone of each sidt^, which articulates meri^ly to the outer front angh^ of 
the frontal bom', without any contact with the nasal bone, In such a largt' gi'oup 
it is highly inqxoi’tant to Have some means of division into subgroups of higher 
value than genera ; and, according to the modei’n classification, tliri'O such serial 
divisions may be indicat(‘d by tlui characters of the tcndli. 'Tlu^ first and most 
primitive of thes(' series, which may be terme<l the soli<l-tooth(d colubi’ines 
is characterised by the whole, of the teeth being solid, without any 
trace of grooves, all its reprx'sc'ntatives being harmless. On the otluu* hand, in the 
second series or hind-fanged colubrines {Oj>wfho(jlyi>h((), one or inore of the himler 
teeth of the ujxper jaw are grooved ; while in the third seik's oi* front-fanged 
colubrines (Proferoylypha) the fi-ont teeth of the upper jaw aiv groovxMl or tubular. 
Of the last series the whole of the members are poisonous, while' many of those 
of the second are noxious in a minor degree. All these three sections contain 
species adapted to particular modes of life, so that we may have two or three 
snakes which, while (externally vi'T-y similar, ai*e only distantly allii'd to one another. 

Wart Snakes Javan wart-snake {Acrochordws j(mt u icas) may be taken 

as a well-known representative of the first, or acrochordine subfamily 
of the solid-toothed colubrines, which includes only five genera, distributed over 
South-Eastern Asia and Central America. Unfortunately, the characters distin- 
guishing this subfamily from the next are connected with the bones of the skull, 
and cannot therefore b(i verified without dissection, but in the study of snakes, 
according to the modern system, the student must accustom himself to sutJi 
difficulties. The essential feature of the skull in the present group is the pro- 
duction of* the postfrontal bone above the cavity of the eye ; while, as a secondary 
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feature, the scales of the body overlap one another but very slightly, if at all. 
The J^van wart-snake, which is the sole representative of the genus, is characterised 
by the absence of lower shields, by the head being covered with uniform granules, 
and by the very slight compression of the body. The head is leather short and 
broad, with the muzzle wider than long, and the small eyes directed forwards; 
while ihc nostrils are placed close together on the tip of the muzzle. The nearly 
cylindrical tail is short and prehensile. The colour is brown above and yellowish 
on the sides ; the J'oung having large irregulai* dark brown spots, which coalesce^ 
into bands on the back, and gradually tend to disappear in the adult. In size 
this snake may measure ui)wards of 8 feet. It is distributed over the Malay 
Peninsula, Java, and New (hnnea; and, although it has been stated to be 
terrestrial, modern observations indicate that it is essentially aquatic, seldom 



JAVAN WAKT-SNAKK (J imt. 


e\'en leaving the water, and feeding upon fish and frogs. A female in the 
possession of Cantor gave birth to twenty-sevcm young ones in less than half 
an hour, which were active and bit fiercely as soon as they came into the world. 

An allit'd genus, represented by a single species {Chersyifrus gramdatus), 
ranging from Southern India to New Guinea, dillers by the marked compression 
of the body f^nd tail, and thus closely resembles the sea-snakes of the front-fanged 
series of the family, and likewise resembles them in habits, frequenting the 
mouths of rivers and the coast from Southern India to New Guinea, and being 
often found far out at sea. It produces living young, and subsists on fish. A 
third Oriental genus, likewise known merely by one species {Xenodermus 
jiivanic-a^), has large shields on the under surface. In the other two genera — 
^toliczkaid from India, and Noikopsin from Central America — not only are there 
‘lower shields, but the granules on the head are replaced by large shields. 
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TJio lariife woup of water-snakes bring us to the second and 
by far the larg(\st subfauiiJy of tlie soIid>tooth(‘d colubrincs, winch 
is* known as the Coliihrhuv, and is distinguished from the preceding group by the 
supratemporal bone nob being produced over the region above the socket of the 
eye ; while the scales are usually overlapping, and teeth are present throughout 
the entire haigth of the u])per and lower jaws. The water-snakes belong to a 
’! large assemblage of gemera of the subfamily characterised hy the circumstance 
' that in the skeleton of the backbone inferior projections or spines are present 
throughout its length, the vertebrae in the hinder region of the body having 
these spines represented by a more or less well-developed crest or tubercle. 
From their allies, the water-snakes are distinguish(‘d by having the hinder upper 
teetli larger than those in front, the ecjuality in the size of the low(ir teeth, the 
rather large size of tlje eye, in wliich tlie pupil is round, the presence of a pair 
of internasal shields between the nostrils, the regular longitudinal series formed 
by the scales throughout the body, and by the teeth in each liinder upper jaw- 
bone varying in number from eighteen to forty, and foi’ining a continuous series. 

Represented by over forty specii^s, the water-snakes ha\’^e an almost cosmo- 
politan distribution, although they are unknown in South America, while in 
Africa south of the Sahara they are less abundant than in other regions, and in 
Australia they occur only in the northern districts. Dr. Gunther AATites that the 
typical water-snakes “are easily recognised by their stoutish cylindrical body, 
keeled scales, flat head covered with regular shields, wide cleft of the mouth, and 
numerous teeth, the strongest of wliich arc at the liinder end of the maxillaiy 
bone. They frequent the neighbourhood of fre^sh water, and fi^ed on aquatic 
animals — frogs, toads, and fishes. They do not overpower or kill their prey by 
throwing a coil of the body round it, but, having seized it, tluiy at once commence 
to swallow it. They are excellent swimmers, but more frequently live near water 
than in it, in agreement wdth which habit, the position of their nostrils is not on 
the upper surface of the head, as in the true freshwater snakes, but on the side.” 

Ringed Snake known and at the same time the typical representative 

of the group is the common ringed snake {Tro^ndonotiis natrix), 
inhabiting Europe, Algeria, and West and Central Asia, and attaining a maximum 
length of feet. Belonging to a group of the genus in which the number of 
teeth in the hinder upper jawbone does not exceed thirty, this snake has a single 
anterior temporal shield on the head, usually seven upper labial shields, of which 
the third and fourth enter the aperture of the eye, and from one hundred and fifty- 
seven to one hundred and ninety shields on the lower surface of the body. The 
eye is of moderate size, and most of the scales arc strongly kijeled. The colour 
is usually grey, olive, or brown above, with -spots or narrow transverse bands ; the 
labial shields being white or yellowish, with their dividing lines black; while 
the under-parts are mottled black-and-white or grey. There are, however, several 
variations as regards the coloration of the neck. In the ordinary variety, for 
instance, there is a white, yellow, or orange collar, usually divided in the'* middle, 
behind which is a broad black collar ; the latter being sometimes alone present. 
In another variety, mostly from the south of Europe, the collar is altogether 
wanting, or reduced to a small black patch on each side of the nape ; while in the 
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south-eastern race the collar, althou^^h well marked, is rJivided in the middle, and 
tliore is^a yellowish streak along each side of the back. 

In England the ringed snake is one of the most common reptiles, inhabiting 
woods, heaths, and hedges, especially where water is abundant. Although its chief 
food consists of frogs, it also preys upon voles, mice, young birds, and fish, and is 
stated occasionally to consume eggs. When a frog is pursued by one of these 
snakes, it seems paralysed with fear, and, instead of making any effort to escape, . 
sits still and gives vent to a shrill cry never heard at any other time. Generally 
the frog is seized by the hind-leg, and gi*adiially swallowed by the snake without 
its position being changed. On this point Bell observes that “ when a frog is in 
th<5 progress of being swallowed in this manner, as soon as the snake’s jaws have 
reached the body, the other hind-leg becomes turned forwards, and as the body 
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gradually disappears, the three legs and head are seen standing forwards out of 
the snake’s mouth in a very singular manner. Should the snake, however, have 
taken the frog by the middle of the body, it invariably turns it by several 
movements of the jaws, until the head is directed towards the throat of the snake, 
and it is then swallowed head -foremost.” Asa rule, the frog remains alive during 
the swallowing process, and it may sometimes be heard to croak when buried in 
the stomach of its captor, while instances are on record where a frog has returned 
after being thus entombed. When swimming, the linged snake carries its head 
and neck raised above tlui surface of the water. The skin, as in the case of other 
serpents* is shed several times during the year, and is drawn off turned inside out. 
so that the lenses covering the eye appear concave instead of convex. Previous 
to changing its coat, the reptile becomes almost if not completely blind, and 
evidently ill at ease, and the change is accomplished by the old skin bursting at 
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tho neck, and being pulled off by the owner wriggling its body between brushwood 
or dense herbage. Some sixteen to twenty eggs are annually depositee^ by the 
female of tlu^ ringed snake, tliese being attachtul togetlier by a viscid substance. 
Althougli they are soim^times hatclied solely by the heat of the sun, at other times 
the process of development is hastened by their being placed in a heap of decaying 
vegetable mattfu* or manure. When the cold of autumn makes itself felt, this 
species retires for the winter, passing its time in a state of torpor ensconced in 
some hole in a hedge-bank, under the roots of trees, or some such place, where it 



remains till awakened by the returning warmth of spring. Not unfrequently 
several snakes occupy the same hole for tho winter, and occasionally a considerable • 
number have been foun<l coiled up together in a mass, 

Tesselated and The preceding spc'cies, as already sai<l, belongs £o tlu^ typical 
Vlperine Snakes, j^ection of the genus, u\ which the teeth of the hinder upper jawbone 
do not exceed thirty in number, and are gradually enlarged towards the hinder 
(‘lid of the series, while the ej^os and nostrils are lateral, and the internasal shields 
In-oadly truncated in front. As examples of the second section, in which, while the 
number and characters of tlie teeth arc similar, the small ey(‘s and nostrils are 
directed upwards and outwards, and the internasal shields usualJj^ much narrowed^ 
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in front, we select th(5 tessehited snake fPHselatufi) and the nearly allied viperine 
snake {T. viperinns)^ botli of whicli arc found in Europe, the forinei* boiri^ a more 
soutluirly type tlniii tlie latbu’, and extendinj^ eastwards into South-Western and 
Central Asia. The t(‘SS(dated snake, which never grows cpiite so large as the 
common ringed species, is olive or olive-grey above, and may Ix^ either uniformly 
coloure^l, or marked with dark spots, usually arranged quiiicuncially, on the back. 
The nape of tli(i nc‘ck is ornamented witli a dark chev^ron; the upper labial shields 
are yellowish, with dark lines of division between them; and tlie under- j)arts are 
either ycillow or red mottled and marbled with black, or almost wholly black. 
The viperine snake is rather smaller, having the upj^cr surface grey, brown, or 
reddish, with a zigzag black band down the back, and a row of yt‘llow-centr(*d 
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black spots do\\'n each side. 'Idiere is a mor(‘ or less distinctly marked oblique 
dark band on each side of the top of the head, and another on the nape of tlie neck ; 
while the labials and under-parts are coloured like those of the tesselaied snake. 
The general habits of both these species are very similar to those of the ringed 
snake ; but in spritig they are more generally found concealed in pairs beneath 
stones, and oyly take to the water in the sumnun\ As other well-known North 
American representatives of the genus, wo may refer to the garter-snake (jT. 
ordinal a.s) and moccasin-snake (T, fat^ciai ad); the former belonging to the first, 
and the Jatt(‘r to the second section. As an example of the third section, in which 
the lasf two or thij-d upper teeth are suddenly enlarged, the Indian long-banded 
snake may be mentioned. 

ObUque-Eyed Among th(‘ genera belonging to this section the only other that 
• Snake. otu* spact‘ admits of even mentioning is the one containing the 
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numerous species of obli(|UC-cyed snakes. Generally having a smaller eye than the 
water-snakes, the metnhers of this genus are distinguished by having oidy a single 
inter-nasal shield) the nostril being placed in a hali-divided nasal shield, while the 
teeth of the lower jaw are of nearly equal size, and the scales lack the pits 
characterising those of an allied genus. There are from eighteen to twenty-five 
teeth in the hinder upper jawbone ; the head is, at most, but slightly distinct from 
the neck; the body is cylindrical; and the tail, which has two rows of shields 
beneath, is of moderate length, the scales being usually striated and keeled. The 
genus is represented by eleven species, some of which arc found in the New World, 
while others inhabit South-Eastern Asia, and others Tropical Afi-ica. 

The ke('l-tailed snake (Flelicojis carlv icauda), inhabits Bi-azil. It attains a 
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length of between 3 and 4 feet : and is characterised by having the scales on the 
back of the head smooth, and those on the body keeled and arranged in nineteen 
rows, the frontal shields being nearly or quite as long as the parietals, while there 
are from one hundred and twenty-six to one hundred and fifty-five shields on the 
lower surface of the body. The general colour is dark olive-brown above, with four 
more or less distinctly defined blackish stripes, and a yellow stripe along the two 
lower rows of scales ; on the under-parts the ground-colour is yellow or red, with 
black spots or stidpes on the body, and a black stripe on the tail. In the neighbour- 
hood of the Rio Grande do Sul this species is one of the commonest of snakes ; and 
while its general habits appear to be very similar to those of the w^ater-snakes, 
like all the other members of its genus, it produces living young. 

Pigmy Bxrakes snakes wo have now to consider, while still belonging to the 

typical subfamily of the solid-toothed series, difier from the foregoing 
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in that inferior spines are developed only in the vertebrse of the anterior half of 
the backbone, and are further characterised by the nasal bones being fully as large 
as tlie prefrontals. The preceding group are more or less acpiatic in their habits, 
but those of the j)resent assemblage are terrestrial or arboreal. The pigmy snakes 
have the liinder borders of tlie shields on the lower surface of the body entire, 
the fropt lower teeth lai’ger than the hinder ones, the eyes relatively small, and 
no internasal or temporal shields on the head. The head is not distinct from the 
neck, each nostril is j^ierced in a very small nasal shield, the body is cylindrical 
with the smooth scales arranged in thirteen rows, and there arc two rows of shields 
on the lower aspect of the tail. 

These snakes ar(i represented by some thirty species, their headquarters being 
the islands of Java, Sumatra, and Borneo. The figured specicis {Calamaria limnctii) 
is from Java. They are all of small size, frequently not exceeding a foot in length ; 
and they are in the habit of hiding themselves among stones, beneath fallen tree- 
trunks, or in grass. Their small dimensions, together with the relatively narrow 
cleft of the mouth, and a want of dilatibility in the throat and body, indicate that they 
do not l)r(‘y upon other reptiles. Gentle and harndess themselves, these snakes are 
often attacked and kilh^d by craits and other venomous members of their own tribe. 

On account of the well-known European smooth snake (Coronella 
Sling-Snakes. .... ^ , 

l(cvis) being included among them, wo mention as a second genus of 

tins group the sling-snakes, of which there are about twenty known species ranging 

ON'or Europe, Western Asia, Africa, and America, while one (G. hrachy wra) occurs in 

India. They belong to a group of genera in which the whole of the lower teeth are 

n(‘-arly equal in length ; while they are specially distinguished by the presence of 

from twelve to twenty teeth in the hind(T upper jawbone, wliicli increase in size 

towards the 1>ack of the series. The head is short, and scarcely distinct from the 

neck ; the (‘y(‘ bc‘ing rather small, with a round pupil, and the head-shields normal. 

The body is cylindrical, and covered with smooth scales arranged in from fifteen 

to twenty -five rows, and furnished with pits at their tips ; the tail is of moderate 

length; and Avliereas the shields on thti inferior asj)ect of the body are rounded, 

those beneath the tail are arrangt‘d in a double series. 

The smootli snake, wliich attains a length of about 25 inch(\s, is very variable 
in coloration, but the ground-colour of the upper-parts is generally brown. The 
most distinctive features are a large, dark spot on the neck, often extending into 
a stripe, and two rows of dark bi'own spots arranged in pairs, and running down 
the body ; there is also a dark stripe passing through the eye and the side of the 
neck, while the under-parts are either steely blue, or reddish yellow and white, in 
• some cases spotted with black. This snake is found over the greater part of 
Europe, and is occasionally met with in some of the southern counties of England. 
Although now and then found in damp or swamp localities, it frequents dry stony 
places where there is plenty of sunshine, resorting sometimes to old stone bridges 
and heaps of building material. Like its congeners, this snake is chiefly terrestrial 
in its hfidnts ; in disposition it is fierce, and its prey consists of other snakes and 
lizards. In the end of August or beginning of September the smooth-snake lays 
from three to thirteen eggs, which are so far developed that the included young 
•almost immediately break the shells and escape. 
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round The body is elongated and cylindrical, with the smooth or slightly keeled 
and pitted scales arranged in from fift(‘(*n to thirty-one rows. On the lower surface 
of the body the shields are rounded, or obtusely keeled on the sides ; and tlie long 
tail has two inferior i*ows of shields. The fierce snakes are represented by some 
twenty species, ranging over Europe, Asia, and Northern Africa; several of them 
occurring on thc^ Continent, although none are met with in iha British Islands, 
Their h^d(piarters maybe considered to be the countries surrounding the Mediter- 
ranean basin. Deriving their name from the fierce and bold demeanour of the 
majority of their representatives, these snakes are terrestrial or partially arboreal 
in their habits, and feed chiefly on small mammals and birds. Of the European 
forms, a well-known example is the dark green snake {ZamenLs gemonertsia)^ 
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inhabiting Hungary and the Mediterranean countries, and extending as far north 
as the south of Switzerland ; while in the oast it is represented by a variety known 
as the Balkan snake, which attains a larger size than the typical form. These 
snakes are distinguished from their allies by the regular arrangement of the shields'’ 
on the head, and the presence of two preorbital shields, of which the lower is small 
and placed in the line of thci labials ; and they are further characterised by the 
relative shortness of the tail, which scarcely reaches a fourth of the total length. 
The smooth scales are arranged in from seventeen to nineteen rows. The ordinajy 
form may attain a length of about 4 feet, but is generally smaller. In gnmnd- 
colour the head and nape are greyish yellow, the back and tail greenish, and the 
under-parts yellow, upon them being black markings, which, while irri^gular above, 
form regular oblique bars inferiorly, a,nd in the hinder part of tlu^ body are 
arranged in longitudinal stripes which continue to the end of the tail. In some 
si)ecim(ais, howevi‘r, the ground-colour of th(i uj)por-2)arts is a beautiful yellowish 
greiui, while on the lower surface it is canary -yellow ; in a third variety the whole 
ujiper surface is uniform olive-brown, and in some cases it is comjdc'tely black, the 
under surface of thi^ body being grey, with a steely blue lustre on the sides and the 
whole of the under-parts. This snake is very abundant in Itah', and may bo met 
with in most gardens in the neighbourhood of Home. Its habits vary to a certain 
extent according to locality; and wdiile in the Kussian ste2)2)es it freciuents the 
hottest and driest s2)ots, in Dalmatia and the Tyrol it is found in sunny, although 
by no m(‘ans dry situations, either in woods or among old buildings. 

TIk; othc‘r Euroi)(*an sjiocies is the horseshoe snake {Z. hippo- 
common both to Southern Euroj^e and ^Northern Africa, and 
represented in the lower ligure of the illustration on j). 208 . From its allies it 
is distinguislu‘d by the presence of a series of small suborbital shields beneath 
the eye, which comjdetely si'jiarate it from the uj)pcr labials, by the dividt'd 
anal shields, the j)resence of from twenty-live to twenty -nine longitudinal I'ows of 
scales on the body, and likewise by the constancy of the coloration. Measuring 
nearly 0 feet iu length, this handsome snake has the ground-colour of the U2>2)er- 
parts varying from gi*ec‘nish or greyish yellow through orange to reddish brown. 

• As a rule, the head is marked by a dark obli<2ue band between the eyt‘s, behind 
which is a second band, convtix in front, and reaching to the neck, and a third 
marked with light spots, so that a horseshoe pattern is forim'd between the sjwts 
and bands. On the back runs a row of yellow-edged dark oval jmtehes, which 
•tend to unite towards the hinder extremity; and on each sidt^ of this are a serie^s 
of smaller s2)ots, beneath which, again, are more U2)right dark marks, extending 
downwards to the lower surface. As the uj^ijer dark 2:>atclies are vtuy large, the 
gi-ound-colour is generally re<luce<l to a s(‘ries of rings, fonning a very regular and 
pretty pattern." The under-parts are yellow or orange-red, six)tted with black. 

Here also must bo mentioned the Indian rat-snake (Z, mtieoms), 
now included in this genus, although formerly referred to the next. 
It is a la^^go sj^ecies, attaining a length of C feet or more. In colour it is brown 
above, frequently with more or less distinctly defined black crossbands on the 
hinder-part of the body and tail ; the under surface being yellowish, often with 
black .edges to the shields of the hinder-part of the body and tail. The range of 
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tlias well-known species extends from India to Java. Common everywhere in 
and feeding on mammals, birds, and frogs, the rat-snake derives its name 
,frotn its ixabit of entering houses in search of rats and mice. Like its scllies, it is 
"^fieroe and always ready to bite ; and old specimens brought to Europe never become 
tajpfie. Whto irritated, it utters a peculiar sound, which has been compared to that 
produced by gently striking a tuning-fork. A smaller allied Indian species {Z, 
eomts) differs by having the scales arranged in fifteen, instead of seventeen rows. 

' Neaidy allied to the preceding are the American running snakes, 

RttsmUiir Snakes. pantherine snake {Fiyas iiantherinus) is a familiar 

and htodsome example. From the last genus the running snakes are chiefly 
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distinguished by their teeth and the laiger size of the eyes. They are all large 
and powerful reptiles, with cylindrical body, clearly deflned head, large eyes, 
regularly tapering tail, which is at least equal to a fourth of the total length, the 
scales smooth and arranged in from fifteen to seventeen rows, normally-arranged 
head-shields, unkeeled inferior shields, and about , twenty-one equal-sized teeth in 
the hinder upper jawbone. The pantherine snake, which is an inhabitant of the 
hottest regions of the Guianas and Eastern Brazil, and is ;v especially common in the 
neighbourhood of Rio de Janeiro, is characterised 1^ having fifteen rows of scales 
on the body, the lack of the small lower preorbital shield, and its general form and 
coloration ; its length being as much as 7 feet. The ground-colour is yellowish 
grey on the upper-^parts ; on the front of the head are three dark crossbars, while 
two broad longitudinal stripes run along the hinder part of the head and neck ; 
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the ornamentation of the back takes tlio form of a row of larg^ greyish brown 
black-edged spots, which are lozenge-shaped on the nock, but further back become 
irregular, and confluent with two lateral rows of spots. The yellowish white, 
shields of the edges of the jaws have black lines of division, . each eye 
a blackish brown streak runs to the angle of the mouthl This simke JErequehta 
swampy* situations well covered with trees and bushes, and is remarkably swift 
and active in its movements. In its general habits it appears to resemble the 
ringed snake, feeding almost entirely on frogs and fish. 

The typical representatives of the family are the climbing shakes, 

Climbing^ Snakes. « , . , ^ i 1 ^ j* x -u x j ^ xi. 

of which there are a largo number ot species, distributed over the 

great part of Europe, Asia, and North and Tropical America. Agreeing with the 
preceding genus in having the teetli in the hinder upper jawbone of nearly equal 
size, tlui climbing snakes have from twelve to twenty- two of these teeth, the 
teeth of the lowei'jaw being likewise subequal; and they arc further spetoially 
distinguished by liaving the scales of tlio l)ody an*anged in from fifteen to thirty- 
five longitudinal rows, and furnished with pits at their extremities, those in the 
middle line of the back not being larger than the others. Tlie long head is well 
defined from tlio neck, witli a moderate-sized eye, of wliich the pupil is circular, 
and the shields noriiially arranged ; the elongated body is slightly compressed, with 
its scales either smooth or keeled ; and whereas the shields on the lower surface of the 
body usually have a more or less well-marked keel on the side, those of the tail 
are arranged in a double row. All these snakes are fiei*cc in their disposition, and 
while all can climb well, some arc almost entirely arboreal ; others again, frequent 
the neighbourhood of water, and arc good swimmers. The food of all consists of 
small mammals and birds. Formerly the chain-snake {Covonclla getula), of the 
United States, common in the neighbourhood of New York, and attaining a length 
of about 5 feet, was included in this genus, but is now referred to Gortytidlcu, The 
dark ground-colour, which varies in tint from reddisli brown to blackish brown and 
even black, shows on the upper surface a number of yellow crossbands, which on 
the lower part of the sides unite with similar longitudinal stripes, and tlius form a 
regular light-coloured chain extending to the very tip of the tail. The shields on 
the top of the head are deep chocolate-brown, with a few yellow spots ; the labial 
shields are dusky or yellowish white, bordered with blackish brown, and the under- 
parts dirty yellowish white marbled with brown. 

Among the European representatives of the genus, the yellow, or jiEsculapian 
snake {Coluber longissimus) is recognised by thcsmall head, imperfectly distinguished 
.from the neck, and rounded at the muzzle, as well as by the stout body, rounded tail, 
and the nature of the scaling. On the head there is no small preorbital shield, and 
of the eight upper labials the fourth and fifth enter the circle of the eye; the body 
has from twenty-one to twenty-three rows of smooth scales, and the anal shield is 
divided. Generally, the upper surface is brownish yellow, with a tinge of grey, 
and the dower aspect whitish, the hinder-part of the head having a yellow spot ; 
while the back and sides are marked with small whitish dots, which in some places 
are very distinctly defined, and assume the form of the letter X. There is, however, 
great^dndividual variation in colour, and a dark and a light varirty may be 
recognised. In the south of Europe, where it attains a length of about 4 feet, 
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this snake prefers rocky, or at least stony districts abundantly covered with 
bushes; but in Schlangenbad, tlio only German locality where it is found in 
»any numbers, old walls are its favourite resorts. As it feeds chiefly on voles 
and mice, it is a decided benefactor to the agriculturist and gardener. It also 
consumes, however, a certain number of lizards, as well as such birds as it can 
contrive to capture, and occasionally plunders a nest and sucks the eggs. It is 
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very fond of climbing bushes, and low boughs or stumps of trees„as represented 
in our illustration ; and in thick forests will go from bough to bough, and then 
from tree to tree without descending to the ground. Indeed, it is such an adept in 
climbing, that it frequently captures swift-running lizards on the stems of treea 
Another South European species is the four-lined, or leopard-snake (?7. leopar- 
dinus). Remarkable for the beauty of its coloration, which, however, is subject to 
great individual variation, this snake attains a length of about a yard, ai|d differs 
from all its congeners in the absence of a lower preocular shield on the hettd,ltiid the 
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presence of eight upper labial shields, of which the fourth and fifth enter the circle 
of the eye. There are from twenty-five to twenty-seven longitudinal rows of 
scales in the thickest part of the body, and the anal shield is divided. Of the 
numerous variations, there arc two which are most constant, the first being the 
typical but rare four-lined race. In this form the ground-colour is brownish grey, 
upon which are usually four black longitudinal stripes, here and there interrupted ; 
although these are sometimes replaced by two dark or blood-red lines. On the 
sides are small blackish spots ; the under surface of the head and forepart of the 
body is either yellowish white or bright yellow, but each under-shield is marked 
with four or five irregular blackish spots, which become so large posteriorly that 
the whole surface appears steel-blue, the yellow only showing on the edges of the 
shields. In the second variety, or leopard- snake, the ground-colour is mahogany- 
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red, mottled on the upper surface with blood-red black-edged spots, which may 
either be arranged in two rows, or coalesce into transverse bands ; while on each 
side there is a row of smaller, blackish, crescentic spots alternating with those of 
‘the back. The range of this species is bounded to the west by the mountains of 
Southern Italy and Sicily, and to the east by Asia ; both varieties occurring to- 
^eth)^ in most districts between these limits, although in Greece and Dalmatia only 
the leopard-snake is known. 

Among the largest of European ophidians is the four-rayed snake {G. quatnor- 
Todiatua), which attains a length of between G and 7 feet, and is of an olive-brown 
or flesh-coloured hue above, often marked with a pair of longitudinal blackish 
brown stripes, a black line running from the eye to the mouth, and the under- 
parts being straw-yellow. There arc, however, many variations from this ty’pical 
colorati^ij ; some specimens being entirely black, while the young generally have 
Hack 4ro9St>ands on the head, three rows of large brown spots on the back, the 





is not only harmless but useful, since it destroys rats, mice, voles, and smaller 
snakes. It also preys upon moles, lizards, and small birds. 

Black-Marked Another European species of the family is the black-marked 
Snake. snake (Coluber scalar is), which belongs to a separate group charac- 
terised by the following features. The rostral sliield of the licad is of a large size, 
convex, and pointed in front, while it extends backwards between the prefrontal 
shields, where it terminates in a point. The tail is relatively shorter than in the 
typical group. The black-marked snake, formerly separated as Rhinechis, 
and represented in the upper figure of the illustration on p, 208 has the 
cylindrical body relatively thick, the tail short and blunted, and the flattened head 
broad behind and sharp in front. The body-scales, which are arranged in from 
twenty-five to twenty-nine rows, are long, four-sided, and smooth ; the shields on 
the under surface of the body are bent at the edges; while those beneath the tail form 
a double series. As regards colour, there is much variation; the grouni-co^ur 
varying from bright grey or greenish grey, through reddish or yellowish browiif to 
olive or reddish yellow; while the markings of the head often take th^form of' a 
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perpendicular black streak throuJaLih^eye, and another from the eye to the mouth; 
the neck having a dark crossband, and a row of similar spots running down the 
back, beneath which are another series of smaller ones, followed inferiorly by a 
third and fourth row. With age these spots tend gradually to disappear, till finally* 
there remain only two dark bi’own or blackish rows running from the neck to the 
tip of the tail. In length this snake measures rather more than 4 feet. Every- 
where rare, tlie black -marked snake seems to be confined to Spain and the opposite 
parts of Africa. While resembling the climbing snakes in the general nature of 
its food, it also preys upon grasshoppers ; and it will follow voles and mice into 
their bui'rows. A good climber, it is stated to be more rapid in its movements 
than any other of the European snakes ; and its keenness of vision is remarkable. 



SIPO, OR BRAZILIAN WOOD-SNAKE (| liat. sizo). 


Wood-pnaices. Whereas the preceding members of the family only climb trees in 
search of food the American wood -snakes are purely arboreal forms, 
especially adapted by their coloration to such a mode of life. Although they 
resemble the dlimbing snakes in possessing equal-sized solid teeth, they differ in the 
larger eye, which may be of very great size, their distinctly compressed and more 
slender body, and the small number of its longitudinal rows of scales, which does 
not excQcd from ten to twelve. The five known species are inhabitants of the West 
forest districts of Central and South America, all being characterised 
% their more or less uniform olive-green coloration. In the forests of Brazil, the 
tOuia'Aas and Venezuela, as well as in the Lesser Antilles, lives the sipo, or Brazilian 
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wood-snake {Herpetodryas carinaUis), which we select as a well-known example of 
the genus. Frequently attaining a length of about 7 feet, and remarkably beautiful 
in coloration, this snake generally has the upper-parts of a bright verditer or olive- 
*green, shot with a tinge of brown on the back, while the uiider-pai’ts are greenish 
or bright yellow ; the greenish hue prevailing in the middle of the body, and the 
yellow elsewhere. Throughout there is a shimmering play of colours of qll shades 
of green passing into metallic brown; while the middle line of the back has a 
brighter longitudinal streak, frecjuently bordered on each side by a darker band. 
In the West Indies tliis species undergoes a remarkable change of hue, becoming 
blackish brown or black above, with the under-parts steel-grey ; the upper lip and 
edges of tlje jaws alone preserving the original yellowisli green. The scales are 
arranged in twelve rows, and are mostly smooth, although the two middle rows on 
the back are keeled; the eye being of very large size. Next to the coral-snake, 
the sipo is the most abundant of Brazilian ophidians, and may be met with both 
on sandy jungle-clad ground close to the shore at Rio de Janeiro and Caj^e Frio, 
where specimens of upwards of 10 feet in length have been observed. In addition 
to sandy localities it also frequents swampy spots near the sea. In its movements 
it is so rapid that, when startled, it seems to disappear like a flash of lightning. 
It feeds largely upon frogs, as well as upon lizards and young birds, and lays 
only five eggs, which are remarkable for their cylindrical and slender form. 

_ In the Old World and Australia the wood-snakes are replaced by 

Troe-Snokos , , ^ 

the solid-tootlicd tree-snakes, forming the genera JJendrophia and 

DendrelapUis \ both of which are distinguished from all the preceding tyjx^^s by 

having the hinder border of each of the shields on the ]ow(;r surface of the body 

with a notch on each side, corresponding to a suture-like lateral keel ; the scales of 

the body being arranged in from thirteen to fifteen rows. While in the first-named 

of the two genera all the teetli in the hinder upper jawbone arc appi'oximately 

equal in length, and the row of scales in the middle line of Die back larger than the 

others, in the second genus tlie foremost teeth in the hinder upper jawbone are 

enlarged, but the middle row of scales on the back arc similar to. the rest. All 

these snakes have largo eyes, and elongated and often compressed bodies, and 

their general coloration is some shade of green or olive, often witli a bronzy tinge ; 

their habits being mostly arboreal. Of Demdropldn nine species are known, 

ranging from India to Australia ; while Dendrdaphis is represented by five species 

ranging from India and the Malayan region to the Philippines. 

Egg-Eating The last representative of the solid-toothed series of the Colubrines 

Snake. that we have space to mention is the curidus little (‘gg-eating snake 
(Dasypeltis ncahra), of South Africa, which represents a subfamily {Dasypeltinw) 
by itself. The essential character of the subfamily is the rudimcntal condition of 
the dentition, tlie front of both the lower jaw and upper jaws being devoid of teeth. 
To compensate for this lack of ordinary teeth, the egg-eating snake is, however, 
provided with a series of about thirty of what may l>e termed throat-teet^ \ these 
being the lower spines of the vertebraB, which project into the oesophagus^ and are 
tipped with enamel. The scales are strongly keeled. This little snake is about a 
couple of feet in length, and has a body not much thicker than a man’s finger. 
Although it lives in trees, and feeds on the eggs of small birds, it will when pressed 
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by hunger descend to the ground and rob hens* nests. That such a tiny creatui*e 
should be able to swallow a hen’s egg seems incredible, but nevertheless a specimen 
has beem taken with the egg actually within its jaws, and the whole head so 
swollen as to render the mouth incapable of being closed; while an example^ 
in the London Zoological Gardens swallowed pigeons’ eggs without any apparent 
difficulty. When swallowed, the egg is split longitudinally by the row of teeth in 
the throat, and the whole of the contents secured. After being thus broken, the 
two halves of the shell, generally fitted into one another, are rejected. 

Moon Snakes snakes, or, as they are called in Brazil, the moon-snakes, 

may be taken as our first representatives of the second of the three 
great parallel series into which the Colubrine family is divided. This back-fanged 
series, or Opisthoglossa, is characterised by having one or more pairs of the hinder 



CROWNED MOON-SNAKE (g liat. size). 

upper teeth longitudinally grooved, and thus capable of acting as poison-fangs. 
Many of these snakes are indeed extremely venomous, their bite being capable of 
producing death in a few minutes. They are divided into two subfamilies, of which 
the first, or Dlpsadinco^ are characterised by the lateral position of the nostrils; 

, and they are either terrestrial or arboreal in their habits, while their distribution 
is world-wide. 

Belonginglto the first of the two subfamilies, the moon-snakes are characterised 
by the slender and somewhat compressed form of the body ; the flattened head, 
whichls^^but imperfectly differentiated from the neck, is broad behind and narrow 
in front^* although somewhat pointed at the muzzle; while the upper jaw projects 
considerably over the lower. The scales, moreover, are smooth; both the anal 
shield, and the shields on the lower surface of the tail are single ; and the eye, 
^as in ' most of the other members of the subfamily, has the pupil vertical. The 
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few representatives of the moon-snakes are confined to South America; the 
species here figured (Scytale coronatum) being an inhabitant of the eastern side 
of that continent. In size this snake is comparatively small, measuring only 
.about 2 feet in length; its distinctive characteristic being that on the hinder 
portion of the body, or anterior part of the tail, the middle row of scales are not 
greatly enlarged. In young individuals the ground-colour is red, with a dark 
brown circular spot on the back of th(i head, another on the crown, and a ring on 
the neck, behind which arc smaller spots of the same colour. With age the colour 
darkens, and the markings disappear, till in the adult the upper surface is black, 
and the lower side white. Very common in the neighbourhood of Bahia, this 
snake, like the other members of the subfamily, is almost exclusively nocturnal ; 
and its food consists solely of lizards. Although their fangs are large, it appears 
that these reptiles never attack human beings. 





CAT-SNAKK Hat. Size). 

Oat Snake European representatives of the group under 

consideration, reference may be made to the so-called cat-snake 
{Tarhophw vivax\ which is the sole member of its genus. It is characterised by 
its spindle-shaped body, the clear distinction between the flattened head and the 
n€f5&* the relatively short tail, and the small size of the eyes. In place of <a lower 
preocular shield, the elongated loreal extends backwards to the m as to come 
in contact with the upper preocular ; this arrangement being unknowniin other 
Europeap snake. In the lower jaw the front teeth are much longj^ ipore bent 
than those which follow ; while the fangs in the hinder part of th% upper jaw are 
also elongated and much curved. Sometimes reaching a little ove|||;yard in len^h 
this snake is of a dirty browxdah yellow or ground-colour, ’^tt small black 
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dots and a chestnut-brown spot on the shields of the head, while the neck has a large 
blackish or reddish brown patch, and rows of smaller spots of the same colour 
omament* the back. There is also a dark band from the eye to the corner of the 
mouth ; each side of the body has a row of small spots ; and the under-parts are • 
whitish with a brown marbling. The cat-snake ranges from the shores of the 
Adriatic to the neighbourhood of the Black and Caspian Seas, and Africa as far south 
as 46° N. It inhabits rocky and sunny spots, and feeds mainly if not exclusively 
on lizards. Although slower than the water-snakes, its movements are more rapid 
than those of the vipers. The virulence of its poison is shown by the circumstance 
that a lizard bitten by one of these snakes died in a minute and a half. 

Nocturnal Tree- The tropical regions of the Old World are the home of the typical 
SnaJees. genus of the subfamily, which is characterised by the 

long and compressed body and tail, the sharp distinction of the head from the neck, 
the moderate or large size of the eye, with its vertical pupil, and the normal 
arrangement of the shields on the head, in which the hinder nasal is more or less 
markedly hollowed. The number of teeth in the hinder upper jawbone varies from 
ten to twelve, the two or three hinder pair being elongated and grooved ; while in 
the lower jaw the front teeth are the largest. The scales on the body are arranged 
in from seventeen to twenty-seven longitudinal rows, those of the middle itiw of 
the back being larger than the rest ; and the medium-sized or long tail has its inferior 
shields in two rows. These snakes are represented by about twenty species, 
inhabiting Southern Asia, New Guinea, Northern Asia, and Africa. The majority 
are inhabitants of forests or scrub-jungle, and are almost entirely arboreal ; but a 
few are terrestrial, and frequent open country. Many of these snakes attain a 
length of 0 or 7 feet, and their prevalent ground-colours are brown and black. 
The Indian foi*ms at least are purely nocturnal, and their food consists of mammals, 
birds, and, more rarely, lizards, and occasionally birds’ eggs. It is notewoi'thy that 
some species prey entirely on mammals, while others confine their attention to 
birds. Eight species of the genus are recorded from India, Ceylon, and Burma ; 
while a well-kQown Malayan form is the ularburong {Diimts dendrophila). 

Back-Faaged These snakes are represented by two important genera, of which 

Tree-Snakes. Philodryas is mainly characteristic of the tropical parts of America, 
although it also occurs in the West Indies and Madagascar; while the whip-snakes 
{Dryoph'h^) are confined to India and the Malay countries. In the American genus 
the hinder fangs arc not very large, being not double the height of the solid teeth 
in front of them. The body and tail are elongated and more or less compressed, 
the eyes large, and the smooth or keele<l scales arranged in from seventeen to 
. twenty-one rows ; wliile the prevailing colour is green. The genus is represented 
by some fifteen species, among which the green snake (P. viridismmus) is a well- 
known • !3Phis species attains a length of nearly three feet, and has upwiiids 

of two hundred shields on the lower surface of the body. 

14 the Indian whip-snakes the teeth in the posterior upper jawbone vary in 
number twelye to fifteen, one or two near the middle being much .enlarged 
and fang-iike. .After these comes an interval devoid of teeth, and at the hinder- 
en4i of the jaw^^he two last teeth are grooved. In the lower jaw the third or 
/ourtji tooth is enlarged and fangJike; those in^the hinder-part of the series being 
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small and uniform. The head is long, and markedly distinct from the neck ; and the 
eye rather small, with a horizontal pupil. The scales investing the elongated and 
compressed body arc smooth and without pits, and arranged in fifteen oblitiue rows, 
•those down tlie middle of the back being slightly enlarged. The shields on the 
under surface of the body arc rounded, and those beneath the tail form two 
rows. Deriving their name of whip-snakes from the extreme elongation and 
slenderness of the body and tail these serpents move awkwardly enough on a flat 
surface, although when coiling and climbing among the brancln^s of trees their rapid 
movements are graceful in the extreme. While retaining their hold by means of a 
few coils of the tail thrown round a branch, the length of their body enables them 
wdth ease to reach another at a considerable distance, or to dart forth their head in 
order to seize any hapless bird or lizard that may be within striking distance. 

Sharp-Nosed Nearly allied to the preceding are the sharp -nosed snakes 
Snakes. (^Oxyhelif^), of which seven species inhabit Central and South America, 
while the eightli is found in Central and Western Africa. These have small 
heads, with the snout narrow and elongated, and the rostral shield projecting 
considerably beyond the lower jaw. The neck is thin and slender, the body 
greatly elongated and laterally compressed, and the long and thin tail tapering to 
a fine point. The upper jaw carries seventeen solid teeth of nearly equal size, and 
four largo fangs. In appearance and habits these snakes closely resemble the 
whip-snakes. 

Oriental Fresh- Brief reference must be made hero to a group of nine genera of 

Water Snakes, aquatic snakes from India, Burma, China, New Guinea, North Australia, 
and the adjacent countries, which constitute a second subfamily {Ilomalopshiai) in 
the hind-fanged scries. From the preceding subfamily they may be readily dis- 
tinguished by the position of the nostrils on the uppei* surface of the muzzle ; while 
they are further differentiated by their thorouglily acpiatic habits. It will bo 
unnecessary to particularise the various genera ; but it may be mentioned that the 
typical genus, Homalojisis, belongs to a group in which the two nasal sliields of the 
head are in contact ; and that in a second group, as represented hy .Canloria, they 
are separated by an internasal shield. Most of these snakes arc of small size, few of 
them exceeding a yard in length, while many are considerably smaller. Although 
mainly fresh-water snakes, seldom coming to shore, a few members of the group 
enter the sea. Many of them are furnished witli prehensile tails, by means of 
which they attach themselves to convenient objects; and the majority feed 
exclusively on fish, though a few prefer cmstaceans. Their young are produced 
alive in the water. 


Coral Snake beautiful but venomous coral-snake {Flaps corallinus) is the . 

best known representative of a genus wliich brings us to the third 
and last series of the great family under consideration. All the members of this 
front-fanged series (Proteroglypha) are characterised by having the front teeth of 
the hinder upper jawbone, or maxilla, grooved, and the posterior ones simple and 
solid. These snakes are all poisonous ; and they are divided into two subfamilies, 
according to their habits and the conformation of the tail. In the first, or Elapino 
subfamily {Elapvmv) the tail is cylindrical; the fenakes thejaiselves being either 
terrestrial or arboreal in their mode of life. Ti^e Elapine snakes are distributed^ 
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in larger or smaller numbers over Asia, Africa, and America, and are especially 
abundant in Australia, wliere they form by far the greater moiety of the ophidian 
fauna. All of them — doubtless on account of the immunity from attack conferred 
by their poisonous character — are remarkable for the beauty of their coloration. 

The coral-snake and its allies constitute a genus well I'epresented in the 
warmer regions of America, but also occurring sparingly in South Africa. They 
are small, although ratlier long and plump serpents, with the body cylindrical, the 
head flattened and scarcely differentiated from the neck, and the tail short. The 
small eye has a circular pupil, the mouth is narrow, and the jaws admit of but 
slight dilatation. Superiorly, tlie body is clothed with equal-sized, smooth scales, 
arranged in fifteen rows ; while inferiorly the body-shields are rounded, the anal 
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one being undivided, and the shields beneath the tail arranged in a double series. 
Behind the fangs, the teeth are all small. One of the handsomest members of a 
beautiful group is the coral-snake, which inhabits a largo part of South America, 
and also occurs in the West Indies. Attaining a length of from 2 feet to feet, 
this snake has its ground-colour a brilliant cinnabar-red, with a special lustre on 
.the under-parts. On the ))ody this red colour is divided into sections of equal 
length by broad black rings, bordered by more or less distinct greenish white 
margins ; all the red and greenish portions showing black spots on the tips of the 
scales. The front of the head, as far back as the hinder end of the frontal shields, 
is bluish black ; at the back of the parietal shields there commences a greenish 
wliite cit)ssband, running behind the eye, and occupying the whole of the lower 
jaw; and after this comes a black neck-ring, followed by one of the red spaces of 
the body. As a rulfe, instead of being red, the tail has alternations of black and 
jvhitish rings, with its tip whitish. The corai-snako is generally met with in 
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fore^sits, tlie neighbourhood of human dwellings it strictly avoids. Somewhat slow 
in its movements, it is unable to climb trees ; and its food consists of other snakes, 
lizards, insects, and centipedes. 

Reaplendent In Asia the place of the coral-snake and its allies is taken by a 

Adders. group of nearly allied species which may bo collectively termed 
resplendent addei's. From the last genus these arc distinguished by the presence 
of a distinct groove along the whole of the front surface of the upper fangs, and 
also by the scales being arranged in thirteen rows. None of the teeth behind the 
fangs are solid, and the shields on the head (among which the loreal is wanting) 
are of large size. A further difference from the American genus is to bo found in 
the presence of postfrontal bones in the skull. These adders, which arc mostly 
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less than 3 feet in length, are I'cpresented by seven species, spread over the Oriental 
region, Southern China, and Japan. The masked adder {Calloplt h nratccldlamdi), 
which attains a length of 26 inches, and ranges from Nipal to the south of China, 
is generally reddish brown above, with regular black, light-edged transverse rings 
placed at ecpial distances from one another; the under-parts being yellowish with 
black crossbands or squarish spots. The resplendent adders resemble the coral- • 
snake in the slowness of their movements, and their inability to ascend trees ; their 
favourite resorts being hilly districts. They closely resemble the hcfrmless snakes 
of the genus Calamariity upon the different species of which they chiefly feed. 

Long-oianded Closely allied to the preceding are two snakes from Burma and 

Snakes. Malayan region which merely differ in that the poison-glands, 

instead of being confined to the back part of the head, extend along each side of 
the body for about a third of its total length, gradually thickening till they end in. 
front of the heart in club-shaped expansions. The heart being thrown further# 
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back in the body than ordinary, these snakes may be recognised externally by the 
thickening of that region. The figured species {Ade^iiopliis intestiiialis) is an 
extremely elongated and slender snake, inhabiting Burma and the Malayan Islands, 
and attaining a length of 2 fe(‘t. It is generally brown above with a yellowish 
black-edged line running down the middle of the back, and a nearly similar one on 
each side of the body ; the under-parts being banded with yellow and black. 

Craits Although the native name crait applies properly only to a single 

member {Bungavus ca3ruleufi) of this genus, it may be conveniently 
extended to include the wliole of the eight species, which range from India to the 
south of China, five occurring in India and Ceylon. Closely connected with the 
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resplendent snakes by the genus Hemihimgarw, in 'which a solid tooth is present 
behind the fangs, the craits have from one to three small solid teeth l)ehind these ; 
and the smooth scales are arranged in tliirteen or fifteen rows, with the middle row 
of the back larger than the others. The hejvd resembles that of the last genus in 
being imperfectly distinguished fiom the neck, as well as in the size and number of 
its shields ; whih) the small eye has a similar round pupil. The tail is of moderate 
length, or short, w'itlx the sliields on its lower surface arranged in either a double 
or single series. The banded adder (B.fasciatm) belongs to a gjoup in which 
the shi^ds on the lower surface of the body are very large, and broader than long ; 
those of the tail being arranged in a single series. The species is distinguished 
by the presence of a distinct ridge along the back, by the obtuse extremity of 
‘the tail, and by the front temporal shield of the head being scarcely longer than 
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deep ; these three features distinguish it from the blue adder or crait {B. ccemleus} 
and the nearly allied Ceylon crait (B. ceylonicus). The banded adder, or raj -samp 
(king-snake), I’anges from Bengal to Java, and commonly measures about 4 feet 
*in length, although it grows to 6 feet. In colour it is bright yellow, with 
black rings equal to or exceeding in length the light interspaces ; while on the head 
a black band commences between the eyes and widens towards the nape of the 
neck ; tlie tip of the muzzle being brown. The crait is of a dark, almost steel-blue 
black, or chocolate-brown, colour, with narrow white crossbars, streaks, or rings of 
white ; the under surface being of a dark livid hue, or whitish or yellowish. It 
inhabits the "whole of India, but is not so large as the raj -samp, which is probably 
as poisonous, though it does not come much into contact with human beings, and 
is, therefore, a less terrible destroyer of life. The crait frequently insinuates itself 
into houses, where it conceals itself in bathrooms, verandahs, cupboards, or In'twecii 
the bars of shutters; while an instance is on record where one was discovered 
coiled up beneath the pillow of a palki in which a lady had made a niglit’s journey. 
Next to the cobra, tlie crait is credited with killing more human beings in India 
than any other snake. 

colwas name ‘‘ cobra de capcllo,” or liooded snake, was applied by 

the Poi’tuguese in Ceylon to the common Indian representative of a 
genus of deadly serpents distinguished from the craits by their power of inflating 
the neck, and likewise by the scales in the middle of tlie back Jiot Ixang larger 
than the rest. By Europeans these snakes are now generally known l)y the name 
of cobras. Agreeing with the craits in having the fangs furiiislu^d with a complete 
groove on the front surface, and likewise by the presence of from one to three 
solid teeth behind them, the cobras have the head distinct from the neck, and 
covered with large shields, among which the loreal is wanting ; the eye being rather 
small, with a round pupil. The body is cylindi*ical, with the smootli scahvs disposed 
in fifteen or more oblique rows; while the tail is of moderate h^ngth, with its 
inferior shields in cither a single or a double series. The dilatation of the neck, 
whicli always takes place when they are excited and about to strike; at once serves 
to distinguish the cobras from all other snakes. Cobras are conflned to Africa and 
Southern Asia, and arc represented by six or seven species, two of which are found 
in India and a third in Java and Borneo, the others being African. Of the Indian 
forms, by far the most abundant is the common or true cobra (Naia frip'iulians\ 
which is known to the natives of India as the kala nag or kala samp (black snake). 
Distinguished by having no large shields on the head behind the parietals, and bj’" 
the whole of the shields on the under surface of the tail being arranged in a double 
series, this snake is a very variable species as regards coloration, some examples 
having a dark spectacle-like mark on the back Of the hood, while others have only 
a single eye-like spot, and others, again, have no mark at all in this region. In 
regard to coloration, Mr. Boulenger remarks that the hue of the upper-parts may 
be greyish brown or black, with or without a spectacle — or loop-shaped black 
light-edged marking on the neck — or with light spots or crossbands on thfe body ; 
while beneath it varies from wliitish, through brownish, to blackish, sometimes, 
with black crossbars on the fore-part of the body. Occasionally attaining a length 
of a few inches over 6 feet, while an instance is on record where a specimen ' 
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measured upwards of 7 feet 3 inches, this cobra is distributed over the whole of 
India and^ Ceylon, ranging westwards through Afghanistan to the Caspian, and to 
the east to the Malayan region, and the south of China. The other Indian species, 
or giant cobra {N. bungarus), is a larger snake, distinguished by the presence of a 
pair of large shields on the head behind the parietals, while the shields beneath the 
tail usualJy form only a single series. When adult, its colour is yellowish or brown. 
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with more or less distinctly marked dark crossbands ; but young specimens are 
usually black, with yellow rings on the body and bars on the head, and in some 
instances there are light spots on the upper surface, and the inferior shields are 
whitish with black margins. In size, the giant cobra Is known to measure as much 
as 13 feet, and probably grows larger. Fiercer than the common species, this 
cobra is fortunately far less abundant ; its range extending from India through 
Burma and Siam to the Malayan region and the Philippines. Another species is 
the asp or Egyptian cobra (iV. liaie\ which is widely spread over Africa, and 
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presents great variations in colour. Somewhat exceeding in size the true cobra, 
the asp is distinguished by tlie sixtli upper labial shield of tlie head much 
exceeding the others in length, and uniting with the temporal, so as to form a large 
plate, which anteriorly comes in contact with the postocular shield. In most 
Egyptian examples the colour of the upper-parts is uniformly straw-yellow, while 
the under-parts are liglit yellow ; but there may be dark crossbarids on the under 
surface of the region of the neck, which sometimes unite into a patcli. Tlie straw- 
colour may, however, shade into blackisli brown and occasionally the hues may be 
brighter. 

Our account of the habits of these snakes will be mainly confined 
to the common Indian species, and since these have been specially 
studied by Sir J. Fayrer we shall paraphrase or quote from his writings. Although 
frequently seen in motion during the day, cobras are most active during the night ; 
and they feed chiefly on small mammals, birds’ (‘ggs, frogs, flsh, and even insects. 
The giant cobra subsists, however, almost entirely on other snakes ; and the other 
species will occasionally rob hens’ nests, sw<allowing the eggs whole. In captivity, 
cobras will live weeks and even months without tasting food of any kind or 
touching water. Although essentially terrestrial, they will ]*eadily enter water, in 
which they swim well ; while they occasionally climb trees in S(*arch of food, and 
are often found, more especially during the rainy st^ason, in old buildings and Myalls, 
or in wood-stacks and heaps of rubbish. It is when collected in such situations 
that they are most commonly trodden upon by the nativ(^s — and moi-e freipiently 
at night than at other times — with the well-known fatal results. Thesti snakes 
lay from eighteen to twenty-five oval eggs about the size of those of a j)igcon. 
Ascending to a height of some eight thousand feet in the Himalaya, the common 
cobra “ is equally dreaded and fatal wherever met with ; fo}'tunat(‘ly it is not 
naturally aggressive, unless provoked, at which times its aspcjct is most alarming. 
Raising the anterior third or more of its body, and expanding its hood, with a loud 
hissing, it draws back its head prepared to strike, and, when it does so, darts its 
head forwards, and either scratches, or seizes and imbeds its fangs*in the object of 
attack. If the grasp be complete and the fangs imbedded in the flesh, dangerous 
and often fatal effects result ; but if the fangs only inflict a scratch, or if the snake 
be w^eak or exhausted, the same great danger is not incurred. If the poison enter 
a, large vein and be quickly carried into the circulation, death is very rapid; men 
having been known to perish fx’om cobra-bite within half an hour. The largest 
and strongest as w^ell as the smallest and weakest creatures succumb ; but, fortun- 
ately, all who are bitten do not die. In the first place, some human beings, as well 
as lower animals, liave greater tolerance than others of this or of other poisons — a 
result, doubtless, of idiosyncrasy or varying degrees of nervous energy which 
enables one to resist that to which another would yield ; or a wound may have 
been inflicted and yet but little of the poison inoculated ; or, in the third place, the 
snake may be weak or sickly, or it may have been exhausted by recent biting, and 
thus have become temporarily deprived of the power of inflicting a deadl;^ wound. 
But when a cobra in the full possession of its powers bites, and injects the poison 
into man or beast, it is almost surely fatal, and all the remedies vaunted as infallible 
antidotes are futile.” 
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Anions: the deadliest of Australian snakes is the purplish 
Death-Adders. ® t ^ ^ 

death-adder {Pseudechis jjorjyhyriaca), alone representing a genus 

characterised by the great elongation and slenderness of the cylindrical bodj-, the 

sharply pointed tail, the small head, imperfectly differentiated from the neck and 

clothed with large shields, the smooth scales, arranged in from seventeen to twenty- 

three rows, the divided anal shield, and the arrangement of the shields on the 
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• 

under surface of the tail at first in a single, and posteriorly in a double series. 
Behind the fan|fs are one or two solid teeth in the upper jaw ; the pupil of the eye 
is round; and the neck cannot be dilated. This snake, which grows to a length of 
alx)ut seven feet, is very variable in coloration. Generally, however, the colour of 
the backjvaries from a shining purplish black to dark olive-brown, the under- 
parts being red, and the sides carmine ; but the latter colours not occupying the 
centres of the scales, which are black, as are the hinder borders of the shields of 
the under surface. Generally known to the settlers by the name of the black 

. VOL. V. — 15 • 
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snake, this reptile is dreaded alike by natives and Europeans, although, fortunately, 
it nearly always endeavours to escape when discovered. The short death-adder 
{Hoplicephahis ciirtm), represented in the upper figure oi* the illustration 
on p. 225, is selected as a well-known example of a second Australian genus, 
which includes a large number of species. Closely resembling the harmless snakes 
in general appearance, these <leath-addcrs are distinguished from the other members 
of this group by the presence in the upper jaw (jf a row of small, curved, solid 
teeth behind tlic fangs. The head is unsymmetrically four-side<l, flattened, and 
rounded at the muzzle, the body massive, and the tail either mod(‘rate or short. 
The smooth and equal-sized scales arc arranged in from fifteen to twtaity-one rows, 
those on the middle of the back not being larger than the rest; ami there is but 
a single row of shields on the under surface of the tail. All thest‘ species are 
peculiar in the group for producing living young. The figured s]iecies, which 
varies from 8 to 4 feet in length, has a short tail, and nineteen rows of scales. 
Although very variable as regards coloration, the head is generally unifcumi black, 
the body olive-colour, with broad brown or black crossbaiids, the Innder-part of 
the body and the upper surface of the tail uniformly blackish, and the wdiole 
of the under-parts light yellow^ Some specimens have, liowever, no dark bands 
on the back. The spine-tailed death-adder {Aixwthopis antarrtict^s), dt‘picted in 
the lower figure of the illustration, x’cpresents a genus easily recognised by the 
horny appendage with which the tail teiininates; tlio middle ]'ow of scales in 
the fore-part of the body being more or less distinctly keeled. In addition to 
Australia and New Guinea, this snake also inhabits the Eastern ]\Ioluccas, as well 
as Ceram and Amboyna. It feeds chiefly upon frogs and young l)irds and is 
regarded by Europeans as most deadly, although the Jiatives believ(‘ that no one 
ever dies from a death-adder's bite. 

^ ^ , The sea-snakes are now considered to represent minvlv a sub- 

S68i*SXI&JK6S. , , ^ 

family (Hydrojyhiinw) of the front-fanged Colubrines. Fi'om the 
preceding subfamily they are distinguished, not only by tlieir marine habits, 
but likewise by their strongly compressed and oar-shaped tails, in the skeleton of 
which both the superior and inferior spines of the vertebroB are very strongly 
developed. With the exception of the broad-tailed sea-snakes, which form a kind 
of transition between the present and preceding subfamilies, thes(‘ snakes never 
leave the water ; and the inferior surface of the body and tail is either covered 
with scales similar to those on the upper-parts, or, if shields are j^resent, they are 
of small size. All are very poisonous, and produce living young. Their head- 
quarters are the coasts of the Indian Ocean and the tropical districts of the 
Western Pacific, their range extending from the Persian Gulf to New Guinea 
and Northern Australia. The parti-coloured sea-snake has, however, a more 
extensive distribution, ranging from the western coast of Africa 4o the western 
shores of Tropical America, and extending as far north as Japan and Jlantchuria, 
and as far south as New Zealand. All of them have relatively small heads, jaws, 
and fangs ; and while in some cases the body is short and thick, in others it is very 
thick only in the region of the tail, and elsewhere dispropoi’tionatel}" elongated 
and attenuated. Always varied, the coloration is often brilliant and beautiful ; 
and the oar-like form of the tail and hinder-part of the body is obviously 
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adaptation to an aquatic life. Living in the sea, or in tidal waters, their move- 
ments in the clear blue water are agile and elegant; but when thrown ashore, 
as frequently happens, the majority are helpless. Their food consists of fish and 
such other creatures as they can capture in tlie sea. In parts of the Bay of Bengal, 
sea-snakes are sometimes seen congregating in large shoals. The group is divided 
into nine genera, no less than six of which are represented in Indian waters. 

Broad-Tailed The broad-tailed sea-snakes, of which there are three species, 

Sea>8nakes. constituting the genus PlaturuSy in general appearance closely 
resemble some of the craits, especially as regards the shape of the skull and the 
scaling of the head and body, but are distinguished by the compression and depth 
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^of the tail. In the upper jaw, which is very short, there is in the maxilla of each 
side a pair of large grooved fangs, followed by a single very small solid tooth. 
The arrangement of the shields of the head is normal, each nostril being pierced in 
a laterally-placed nasal ; the scales on the body are smooth and overlapping, and 
the inferior surifece is covered with large shields. Of the three species, the banded 
sea-snake (P. laticaudatas) is distinguished by the absence of a keel on the lower 
surface of the hinder-part of the body, and also of an unpaired shield on the 
muzzle ; tlje scales being arranged in nineteen rows. In colour, it is olive above 
and yellowish beneath, with black rings fully equal in width to the light inter- 
spaces. Attaining a length of a little over a yard, this species ranges from the 
Bay of.’Bengal and the China Sea to Polynesia. An allied but larger species 
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(P. coluhrinvLs), with the same distribution, is distinguislied by the presence of an 
unpaired shield on the head, and the arrangement of the scales in from twenty-one 
to twenty-five rows; while the tliird species (P. schifftorhyv chits), from the China 
Sea and Western Pacific, differs in having a keel along tlie hinder lialf of the 
lower surface of tlie body. That the broad-tailed sea-snakes are the direct 
descendants of terrestrial forms allied to the craits, is proved by their retention of 
large inferior shields, and by their habits. Not only are these snakes frequently 
found at some distance from water, but in Sumatra a specimen was captured 
nearly a day’s marcli inland. 

Parti-Coloured In common with all the other members of tlie subfamily, the 
Sea-Snake, parti-coloured sea-snake has the nostrils placed 

on the upper surface of the muzzle ; and the under surface of the body and tail 
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in this species are scaled like the rest, although in some of the genera traces of 
enlarged shields still persist. In the skull, the maxilla is considerably longer than 
the transverse bone, and carries a pair of short fangs, followed, after an interval, 
by seven or eight solid teeth ; the muzzle is elongated ; the head-shields are large, 
the nasals being in contact with one another; and the scales on the relatively 
short body hexagonal in form and with tlicir edges in apposition. This snake 
attains a length of a yard; and in colour is either yellowish with symmetrical 
black transverse bands or spots, or uniformly black above, and yellow, with or 
without black spots below ; the yellow tail being ornamented with either black 
spots or bars. It is the sole representative of its genus, and has a vwider dis- 
tribution than any other member of the group, ranging over the whole of the 
Indian Ocean and the tropical and subtropical portions of the Pacific. The 
tpyical sea-snakes, forming the large genus Hydrophis, differ in having from seven 
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to eighteen solid teeth in the maxilla, by the longer body, on the anterior part o£ 
which the scales are imbricating, and by the presence of more or less distinct small 
shields on the lower surface. 

Black-Banded The black-bamled sea-snake {Distira cyanocincta) may be taken 
Sea-Snake, example of another large genus differing from the preceding in 

that the f^ngs are followed in the maxilla by from four to ten solid teeth with 
their front surface grooved. In those snakes the body is more or less elongated, 
and generally lias the scales on its front portion slightly overlapping, while the 
under surface carries small shields. Tlic figured species, which grows to a length 
of G fe(^.t, is o£ a greenish olive above, with black transverse bars or rings, which 
are sometimes coniu'cted by a longitudinal stripe on the under surface. This 
snake ranges froTii the Persian Gulf to the Malay Archipelago and Japan, and is 
one of the most abundant in the Iiidian seas. 

There arc-, several points in which the s(‘a-snakes differ from tlieir land cousins 
as regards habits, in addition to those already noticed. In the first place, the skin 
is changed pieceuK'al, inst(‘ad ol! (‘utire; the casting taking place at very frequent 
intervals. JMorc^over, the tongue is very slioii, and onl}^ the extreme tips of its 
two ('xtreinities ai'c exserted through small notches on either side of tlio rostral 
shield of the licvad, which is prolonged downwards so as to close the mouth. 
Wh(‘ri, how(*ver, these snakes ar(j cast ashore and almost blinded by the unaccus- 
tomed light, the tongue is used in the ordinary manner as a feeler. 


The Vipers. 

Family ViPEPdlKE. 

Omitting mention of the small and unimportant family of harmless snakes 
known as blunt-h(*ads {A'))(hhjceph(ilid(v), represented by two Oriental and two 
tropical American genera, we pass to the viper family, which includes the 
whole of the r(‘]4iaining nKunbers of the suborder. The distinction between a 
colubrine and viperine snake is that in the latter the maxilke or hinder upper jaw- 
•bones are capable of being erected in a vertical plane at right angles to the 
transverse bones, while in form they are short and thick, and they always carry 
a single pair of large tubular fangs. All vipers arc poisonous, and, so far as 
known, produce living young ; while they are more or less nocturnal and terrestrial 
.hi their habits, although a few ascend trees. The thick body, the flat and often 
triangular head, the short and stumpy tail, the reduction of the maxillary teeth to 
af siiigki pair of fangs, and the vertical pupil of the eye, are all features dis- 
tinguishing vipers as a whole from the poisonous colubrines; but, as already 
mentioned, it is •frequently necessary to examine the structure of tlie skull itself 
before any particular snake can be assigned to its proper serial position. That 
the vipers form a highly specialised group is self-evident; and Mr, Boulenger 
believes them to be descended from the hind-fanged colubrines. The family is 
divided into two groups, namely, the typical vipers of the Old World, which 
attain their maximum development in Africa, and the Amei’ican and Asiatic 
pit- vipers. 
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True Vi era representatives of the Old World vipers {Viperincb) 

are the true vipers, which form a genus with some twenty species, 
ranging over Africa (exclusive of Madagascar), Europe, and a large portion of Asia, 
one of them reaching India. In common with the other members of the subfamily, 
they have no pit in the loreal shield of the head ; while they are specially dis- 
tinguished by the upper surface of the head being covered either with, scales or 
small shields, and by the keeled scales of the body running in straight longitudinal 
rows, which vary in number from twenty-one to thirty-eight ; and likewise by the 
double row of shields beneath the tail. 

Common Viper common viper {Vijyeva veriis), which is happily the only 

’ British j^oisonous snake, is one of the smallest representatives of the 
genus, and is distinguished by the mixture of scales and shields on the head (three 
of the latter being larger than the rest), and the general presence of only a single 
row of scales between the eye and the upper labial shields beneath. In colour and 
markings the common viper is extremely variable ; but as a rule a dark zigzag 
stripe runs down the whole length of the middle of the back. With regard to 
coloration, in some specimens the ground-colour is nearly olive, in others a deep 
rich brown, and in others a dirty brownish yellow; while a mark between the 
eyes, a spot on each side of the hinder part of the head, the above-mentioned zigzag 
line formed of confluent quadrangular spots on the back, and a row of small 
irregular triangular spots on each side of the body, arc^ of a darker hue than the 
ground-colour, and are frequently nearly black. In some examples the under- 
parts are lead-colour, with lighter or darker spots, while in others they are almost 
wholly black. Bell records a specimen in which the ground-colour was nearly 
white and the markings black ; and in one vainety the ground-colour is brick-red, 
with ferruginous markings ; while in a second the under-parts acquire a more or 
less marked blue tinge ; and in a third the whole skin, with tin; exception of that 
beneath the jaw and throat is black, the usual markings being visible in certain 
lights. The average length of the common viper is about 10 inches. Its geo- 
graphical distribution is greater than that of any other European' snake, extending 
from Portugal eastwards to the Island of Saghalien, while northwards it reaches 
to the Arctic Circle, and southwards to Central Spain. 

Bouthem Viper South-Western Europe the common viper is replaced or 

’ accompanied by a closely-allied form which may be called the 
southern viper ( V. asjns), regarded by some writers as a distinct species, and by 
others as a mere variety. As it was doubtless to this snake that the Latin texin 
Vivipara was applied, German writers restrict the name viper to the southern 
form, and use the term Kreuzotter for the common viper. In the latter 
the front of the upper surface of the head is covered with three distinct small 
shields, but in the southern form it is clothed only with smooth oV slightly ridged 
scales, among which seldom more than a single polygonal roundish one can be 
regarded as representing a frontal shield ; moreover, instead of the single row of 
small scales generally separating the eye of the common viper fromothe upper 
labial shields, the southern form always has two such rows. There is likewise a 
difference in the shape of the muzzle in the two forms. The southern viper may 
be considered characteristic of the Mediterranean countries, occurring in North 
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Africa as well as in Europe. It is noteworthy that in the borderland of the 
distributional areas of tlu) two forms, such as Northern Spain and Italy, it is 
.difficult to say to Mdiicli of tlie two any specimen may belong. 

More numerous in Scotland than the ringed snake, but, like it, unknown in 
Ireland, the common viptT genei’aHy frequents heaths, dry woods, and sandy banka 
Although its bite produces severe etiects, it is seldom, unless the sufferer be very 
young or in ill-health, that d(‘atli ensues. During the winter months, vipers 
generally hibernate in small parties for the sake of mutual warmth, several being 
often found twined together in a torj^id condition. 



LOXO-NOSKI), OK HANU-VIFEII iiat. size). 


Long-Nosed Another well-known poisonous European snake is the long- 
Viper. nosed, or sand- viper (F. ammodytes), easily recognised by the 
pi'esence of a soft horny appendage at the end of the nose, covered with scales, 
and not unlike a conical wart in appearance. It is also distinguished from the 
common viper by the absence of any large shield, except the supraoculars, on the 
top of the head; although in coloration the two, species arc very similar. In size 
it is the largest European representative of the group, attaining a length in some 
rare instances of just over a yard. The sand- viper ranges from Italy to Armenia. 
In Carinthia it is the commonest of snakes, while in the Tyrol it is local, but 
abundant in the south of Hungary and Dalmatia. Mainly nocturnal, it is much 
fcore commonly found in hilly than in level districts, ascending in the mountains 
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to a height of between three thousand and four thousand feet. Except during 
the pairing-season, when it is found in couples, it is a solitary creature, subsisting 
on other snakes, mice, voles, birds, and lizards. 

Bussell's Viper being one of the deadliest of Indian snakes, we may take 

’ as our next example of the genus the beautiful Russell's viper 
{V. rmselli), of India, Ceylon, Burma, and Siam. From the other viper inhabiting 
Kashmir, this species may be distinguished by having the rostral shield of the 
head as long as broad, and the scales on the body arranged in from twenty -seven 
to thirty-one rows. Sometimes known as the chain-viper, this snake attains a 



RUSSELL’S VIPER (J nat. size). 


length of 4 feet. Its ground-colour is pale brown, with three longitudinal series^, 
of black light-edged rings, sometimes replaced by faint dark spots ; the lower- . 
parts being yellowish white, either with or without small crescentic black spots. 
In young specimens, as shown in our illustration, the black rings on the upper- 
parts surround dark reddish brown spots, which in the middle serifes are in contact 
with one another. Sir J. Fayrer regards this snake as being, next to the cobra, 
the most dangerous in India, stating that fowls bitten by it sometimes expire 
in less than a minute. ‘‘It is nocturnal in its habits, is sluggish, and does not 
readily strike unless irritated, when it bites with great fury ; it hisses fiercely and 
strikes with vigour. Its long movable fangs are very prominent objects, and with 
them it is capable of inflicting deep as well as poisoned wounds. When disturbed^ 
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its loud hissing is calculated to warn those who approach it, and it docs not 
appear to cause many human deaths, although it may be that its misdeeds are 
sometimes ascribed to the cobra. This viper is said to frequently kill cattle while 
grazing, by biting them about the nose or mouth. In proof of its sluggish nature, 
there is well-autlumticated tale of a young person having picked one up, and, 
mistaking it for an innocent snake, carried it home ; its true character being only 
discovered when it bit a doir. ’ 

Puff Adder Africa the j^jlacc of Russelbs viper is taken by the dreaded 

puff-adder (V. (trietans), which occasionally attains a length of G feet. 
It is the only member of the genus in which the unusually small nostrils open 
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.upwards near the extremity of the muzzle; and it is further distinguished by 
having a siipranasal shield, covered, like the region of the brow, with upright 
horny scales or spines. In appearance most hideous and repulsive, this snake has 
the large and flattened head triangular in shape, very broad and blunt at the 
muzzle, and shii*i)ly defined fx’om the body, the latter Ixdng thick and almost 
ti’iangular in section. Both head and body are coverc^d with keeled overlapping 
scales, differing from one another only in size, and arranged on the body in from 
thirty-one' to thirty-three longitudinal rows, and forming three or four series 
between the eyes and the upper labials. The coloration and marking vary to a 
certain extent individually ; but there is a great chaxigo in the brightness of the 
tints immediately after the changing of the skin. The puff-adder is spread over 
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nearly the whole of Africa, and is everywhere dreaded from its deadly nature. 
Inhabiting dry and sandy places, it derives its name from its habit, when angry or 
alarmed, of drawing in a full breath and causing the body to swell visibly. Then 
the air is allowed to escape gradually, producing as it does so a prolonged sighing 
or blowing sound which continues till the lungs arc emptied, this pi-ocess being 
repeated so long as the provocation lasts. Usually this reptile lies half-hidden in 
the sand, with its head fully exposed, and when approached merely rises without 
attempting to escape, and so virulent is its bite that even horses have been known 
to die witliin a few hours after being struck. The poison is used by the bushmen 
for their arrows, to the tips of which it is made to adhere by being mingled with 
the viscid juice of tlie amaryllis. 



HOIINED VIPERS IN THE SAND (J liat. size). 


Homed Vi ors ^ext to the southern viper, or asp, no serpent was more feared 
’ by the ancients than the Egyptian cerastes, or horned viper {Cerastts 
cornutus). As a genus, the two species are characterised by the small crcvscentic 
nostrils situated on the sides of the muzzle, the presence in the‘malc, and some- 
times in the female, of a pair of scale-covered, hoiii-like processes above the eyes, 
the arrangement of the scales of the body in oblique rows, and the short keels on 
the scales, which stop short of their tips. The common horned viper may be 
immediately recognised as an inhabitant of desert places from the general sombre 
and mottled tone of its coloration, which is so admirably adapt(.‘d to such surround- 
ings, Usually attaining a length of about 2 feet, it is of a light brownish ground- 
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colour, more or less tinged with yellow, upon which are six longitudinal rows 
of circular or quadrangular dark markings, increasing in size from the middle 
of the baclJ towards the sides. Beneath the eyes runs a dark brown band, while 
the middle of the head is marked by a light brownish yellow streak, dividing 
posteriorly, and uniting on the sides of the neck with another stripe coming from 
the chin. , The scales surrounding the mouth are a bright sandy yellow, the 
shields on the under surface being also either bright yellow or whitish. The 
scales of the body are arranged in from twenty-nine to thirty-three rows ; the anal 
shield is single, while the shields beneath the tail form a double series. The range 
of this snake includes Northern Africa, East of Morocco, as well as Kordofan and 
Arabia; the second species being likewise North African. Canon Tristram writes 
that the usual habit of the horned viper is to coil itself on the sand, where it 
basks in the impress of a earners footmark, and thence suddenly to dart out on 



THli) KJA, Oil DESERT SAW- VIPER (* llllt. Sizt‘). 


any passing animal. So great is the terror which its sight inspires in horses, 
that I have known mine, when I was riding in the Sahara, suddenly start and rear, 
trembling and perspiring in every limb, and no persuasion would induce him to 
proceed. I was quite unable to account for his terror, until I noticed a cerastes 
^coiled up in a depression two or three paces in front, with its basilisk eyes steadily 
fixed on us, and no doubt preparing for a spring as the horse passed.’' According 
to Bruce, this snake, when about to attack, mov(.*s rapidly forward with a 
sideways motioti, unlike that of any other serpent. Attacking when quite 
unprovoked, the horned viper is more dreaded than any other North African 
snake, men frequently dying from its bite within lialf an hour. Its food consists 
of dcsort-lfaunting rodents, together with lizards, and perhaps birds. 

Desert Saw- While agreeing with the horned vipers in having the lateral 

Vipers. body-scales arranged in oblique rows, the present genus may be dis- 
tinguished by its two species having but a single series of shields beneath the tail, 
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as well as by the absence of horns. The upper surface of the head is covered with 
scales, and the keeled scales of the body form from twenty-five to thirty-five rows. 
The common desert saw-viper, or, as it is called in Egypt, eja (EeJm carinata), 
attains a length of about 2 feet ; and has the keels on the lateral scales of the lx>dy 
strongly serrated. In colour it varies from jiale buff' to greyish, reddish, or jmlo 
brown on the upper-parts, with three series of whitish spots edged with dark 
brown, in addition to which there may be a dark brown zigzag band along each 
side, while the head is ornamented with a cross or arrowhead mark ; and the 
under-parts are whitish, either with or without brown dots. This species inhabits 
the desert regions of N()rthei*n Africa, South-Western Asia, and India, being 
replaced in Arabia and Palestine by E. colorata. 

The most remarkable peculiarity of this viper (which, however, it may possess 
in common with the liorned vipers, since the scales of the latter have a similar 
.structure) is its power of making a curious, 2^1'olonged, almost liissing sound, 
produced by rubbing the folds of the sides of the body one against anotlier, when 
the serrated lateral scales grate together. That this is the true cause* of the 
sound may be proved by twisting the body of a dc^ad specimen, and thus causing 
friction between the scales. 8 ir J. Fayrer writes that this S2:)ecics is a very fierce 
and vicious viper; it throws itself into an attitude of defence and offence, coiled 
up like a spring, rustling its carinated scales as it moves one fold of the body 
against another. It is aggressive, and does not wait to be attacked before darting 
its head and body at its enemy, the mouth wide open, and the long fangs 
vibrating, thus presenting a most menacing a])pearance. It is very poisonous, 
and there can be little doubt that it destroys many human lives, as men are 
much more exposed to contact with this species than with Russell's viper 
Rattle SnaJtes dreaded rattle-snakes of the New World are our first repre- 

sentatives of the subfamily of pit-vipers (CrotalLv(f), wliich, are 
common to Asia and America, and are characterised by the presence between 
tht‘ nostril and the eye of a deep pit in each loreal shield, the physiological 
.significance of which is still unknown. All have triangular broad hea<ls, and 
sliort thick bodies. The Asiatic representatives of the group are less deadly 
.serpents than their American relatives ; while the only vestige of the rattle of 
the latter to be found in the former is a small hoimy spine at the end of the tail 
of one species. Many of the Indian species are arboreal in their habits ; their 
coloration assimilating to that of the foliage and boughs among which they 
<lwell. As regards their geographical distribution, pit-vipers present a curious 
similarity to bears and deer; and since they are most abundant in the Oriental 
region, and also more numerous in North than in South America, Mr. Wallace is 
of opinion that the group originated in the Indo-Chinese countries, and thence 
spread north-eastwards to North America, and so onward to the southern half of 
the New World, which area, having been the last to receive the group, has not 
had time, in spite of its extreme fitness for reptilian life, to allow it to attain its 
full development. 

The rattle-snakes are sufficiently distinguished from their allies by the 
jointed horny appendage at the end of the tail from which they derive their name. 
In the young rattle-snake the tail terminates in a somewhat nail-like buttoja,” 
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which in a perfect rattle remains at the tip, the various rings, which may reach to 
twenty or more in number, being gradually interpolated between this and the 
♦scaly portioif of the tail. More or less symmetrical in form, the rattle is composed 
of hollow, horny rings, somewhat like quill in substance, which are interlocked 
with one another, and are yet so elastic as to allow of a considerable amount of 
motion between them. The various rings do not appear to be formed with any 
regularity, sometimes several being added in a single year, while at other seasons 
but one is developed ; neither does there seem to be any relation between the 
growtli of the rattle and the changing of the skin. That very large rattles must, 
however, belong to old snakes, is obvious ; and that this is really the case is shown 
by the circumstance that at the present day rattles with twenty rings are very 



COMMON RATTLE-SNAKB (i imt. size). 


seldom met with, since with the advance of cultivation it is only rarely that these 
noxious reptiles are suffered to attain their full age. The body is thick, and, 
for poisonous snakes, somewhat long; and the poison-glands attain very large 

dhnensions. . , , . i . . 

.Oommott Since the rattle-snakes are extremely variable in coloration, 

Battle-Snake, reliance has to a great extent to be placed on the arrangement of the 
shields covering tb® fore-part of the head in the discrimination of the species. In 
the common rattle-snake {Crotalus duriasits) of North America, the distinctive 
character is the presence of only two pairs of large shields between the large 
supraocular ^and rostral shields ; these paired shields being separated by^ a series 
of small ones in the middle line. Of these shields, behind the large triangular 
rostral comes the four-sided anterior pair, representing the anterior frontals, while 
to each of - the latter further back joins a larger oval shield which must be regarded 
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as a lateral remnant of the hinder frontal. The space between the two last-named 
shields is occupied by a series of small shields, of which the front ones are the 
largest: and between the supraocular shields commence the long keeled scalea 
covering the body, where they are arranged in from twenty -five to twenty-seven 
longitudinal rows. The ground-colour of the upper surface is a dull greyish brown, 
upon which are two rows of large, irregular spots, which may unite into zigzag 
crossbands, and are gradually lost on the dark tail ; the under-parts being yellowish 
white, marked with small black dots. Generally about feet in length, this 
species may grow to 6 feet. 

Diamond In the Southern United States the commonest member of the 

Rattie<8naice. genus is the diamond rattle-snake {C. adamantcus), represented iti 
the upper figure of the accompanying illustration, which is not only th^ mbsfr 
beautiful, but likewise the largest species, adult females (which in this group lire 
always larger than the males), not unfrequently measuring 6 feet in l*(kigth» 
From the common rattle-snake it may be distinguished by the large and Uiirroy 
head, on which the shields are but slightly developed, the presence of three pairs of 
shields between the rostral and supraocular on the top of the muzzle, by the scales 
of the body being always arranged in twenty-seven rows, and also by the coloration. 
The small rostral shield is markedly triangular, the slightly developed frontal has 
a roundish pentagonal form, and the great supraocular shield a distinctly over- 
hanging edge. After shedding, the new skin is of a beautiful greenish, or 
occasionally golden-brown, ground-colour; upon this is a triple lozenge-shaped 
chain-pattern on each side of the back, the golden yellow lines of which stand out 
in marked contrast to the dark diamonds of the ground-colour. A blackish brown 
band runs from the muzzle through each eye to the corner of the mouth ; and the 
top of the head is either uniformly coloured, or ornamented with irregular markings. 
South American Of the six species of the genus, four are confined to Nortli 
Rattle-Snahee. America, and only one is found to the southward of the Isthmus of 
Panama. The latter species ((7. horridvs), which is represented in the lower figure 
of our illustration, approaches the common species as regards the arrangement of 
the shields on the head, while in coloration it is like the diamond rattle-snake. 
From the former it may be distinguished by the circumstance that the two pairs of 
shields between the rostral and the supraocular have no small shields between 
them, so that they come in contact with one another in the middle line ; while from 
the latter the larger size of the lozenges on the body, and the presence in each of 
a light-coloured centre will serve as a sufiicient distinction, in addition to the 
different arrangement of the head-shields. 

HaMts noticing the habits of these snakes our remarks will chiefl^jj l 

relate to the North American species. As we have already saiifi^ 
rattle-snakes chiefly frequent dry and sandy localities, more especially when they 
are covered with bushes ; but we have to add that in North America they fre- 
quently take up their abode in the burrows of the prairie-marmot. Formerly it 
was thought that the snakes and marmots lived together in harmony, but it is now 
ascertained that the former prey on the young of the latter. The general food of 
rattle-snakes consists of small mammals, birds, lizards, and frogs, the latter being 
especial favouritefs; but mammals as large 4s a mink have occasionally been taken 
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f them. The mb&t extraordinary peculiarity connected with the common 
species is its habit in the colder regions of North America of collecting in enormous 
numbers for the winter sleep. In som#v ^districts the snakes used to assemble in 
hundreds, or even thousands, from all sides to sleep in tho ancestral den> some of 
them, it is said, travelling distances of twenty or even thirty miles. Huddled 
together in masses for the sake of warmth, the ser^nts p|J3sed the winter in a 
state of more or less complete torpor, until the returning warmth of spring once 
more started them to spread over the country. When rattle-snakes were abundant, 
annual or biennial hunts used to take place at these dens; the fat of^the 
slaughtered reptiles being used as a valuable supply of oil Gatlin tells us Ixow, 





















DIAMOND AND SOUTH AMEKICAN RATTLE-SNAKES nat. Size). 

when a boy. he once assisted at one of these hunts at a place known as Batll^ 
^snake Den, whence the snakes used to come forth on to a certain ledge of rock in 
swarms. At one time, he says, there was a knot of them like a huge mat wound 
£fnd twisted and interlocked together, with all their heads like scores of hydras 
standing up from the mass,” into which he fired with a shot-gun. Between five hondr^ 
and six hundredVere killed with clubs and other weapons, but hundreds more ei^ped! 
to the den. Fortunately one large one was taken alive, and was made the means of 
destroying the rest, a powder-horn with a slow fuse being applied to its tail, and 
the reptile*allowed to crawl back to the cave, where a loud explosion soon told the 
tale of the destruction that had taken place. 

^ ^ moi^t interesting point in conneotioasi with rattle-snakes is the use to which 
appendage from which they derive th& iame is* put,— for use it must purely 

vor. • i 
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have. The old view w^^s that it was intended to warn crcatiii’cs preyed on by 
these reptih\s of the approach of their enemy ; but, in regard to this supposition, 
Darwin well observes that “ I would almost as soon believe that the cat curls the 
end of its tail when })reparing to spring in order to warn the dooiued mouse. It 
is a much more probable view that the ratthi-snake uses its rattle, the cobra 
expands its frill, and the puti-adder swells while hissing so loudly and diarslily, in 
order to alarm the many birds and beasts which are known to attack even tin ‘ most 
venomous species. Snakes act on the same principle which makes a hen ruffle her 
feathers and expand her wings when a dog approaches lier chicki^ns.” In this 
passage the writer commits himself to the view that the rattl(‘ is an instrument of 
intimidation. It may, however, be observed that the sound would be quite as 
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likely to attract enemies as to repel them. Moreover, it is now a well -ascertained 
fact that rattle-snakes do not possess the power of hissing; and as that faculty 
seems more closely connected with fear than with any othei* emotion, it would be* 
<iuitc reasonable to suppose that the rattle stands in place of the hiss. Another 
feature in the controversy is the circumstance that the sound of the rattle of one 
snake causes all its kindred within hearing to sound their own^ and the organ 
therefore probably serves as a means of communication. What is known as 
the dinner-beir’ theory, that is, that a rattle-snfike attracts insects like grass- 
hoppers and cicadas within striking distance by the resemblance oi'^the sound 
of its rattle to their own stridulating utterances, has been pretty clearly 
disproved ; while if it rec^uired a fuid-her quietus, the circumstance that these 
reptiles do not appear to prey habitually upon insects would be sufficient. On 
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the whole, while adniittiu^ tliat fear lias probably some share in the )iiattcr, it 
seems better to suspend our judgment before definitely committing oui*selves to 
any one particular view. That rattle-suak(\s are some of the most deadly of all 
venomous seipents may be freely admitted ; and it seems that we must almost 
concede tliat they possess the mysterious power of “fascinating” their victims 
before striking. Moreover, the assertions as to the power possessed by vipers of 
swallowing their young are ecpialty numerous and well -authenticated in the case of 
the seipents under considt^ration. 

The foimidable South American snake (Lachesis known 

The BushmastBr. , ^ 

to the Dutch settlers of (xiiiana as the bushmaster, but by the 

Jlraziliaiis termed the surukuku, diftei*s from the rattle-snakes by the presence 

of a distinct ke(4-like ridge down the back, and, in place of a rattle, having the 

under surface of the tij) of the tail covered with from ten to twelve transverse 

rows of small, spiny, shai'p scal(‘s, while the extremity terminates in a spine. 

This snake attains a length of from 9 to 12 feet, and has the ground-colour of the 

upper-parts red<lish yellow, upon which is a longitudinal row of large blackish 

brown lozenges, (vich having two light spots on either side of the middhi line ; while 

the under-parts are yellowish white, with a porcellanous glaze. Tlie large size and 

enormous poison-fangs of the bushmaster remha* it one of the most formidable 

of the pit-vip(irs; its bite being apparmitly fatal to human beings in a few hours. 

Fortunatt'ly it is far from common, and inhabits only the secluded portions of the 

primeval foivst, wherii it lies coiled up on the ground. Unlike most snakes, wlien 

disturbed it makes no attempt to flee, but strikes with the rapidity of lightning at 

the disturber of its slumb(‘rs. 


These snakes have the upper surface of most, or all, of the front 
Hsilys Vipers. , . ^ ^ . 

of the head covered with large shields; the body is rather long 

and clothed with from soventeim to twmity-seven rows of kociled scales; and 

the very short tail has its lower shields arranged in either a double or single series, 

some species having a small spine at the extremity, which is regarded as a 

rudimentary ivittie. Idle genus is common to Asia and Noi-th and Central 

America; some half-score of species being known, two of which are found in India. 

One species rangiis as far east as the Urals, where it just enters the contines of 

Europe. In habits they arc all teri'cstrial. 

Himalayan Of thi' Indian specuis, in both of which at least the majority of 

Halys. the shields on the lower surface of the tail are arranged in two rows, 
the Himalayan halys {AiiCiHtroihm hiriuilayanm) is distinguishtxl by having two 
pairs of laige shields on the muzzle, the extremity of which is but little turned 
upwards. In colour it is brown, with black spots or transverse bands, while some- 
times a light festooned stripe runs down the back ; from the eye to the angle of 
the mouth runs a black streak edged with white; and the under-parts are either 
dark brown, or Variegated with black and white. This snake, which grows to 
nearly a yard in length, is abundant in the North-Western Himalava, at elevations 
of between ^five thousand and eight thousand feet, although it sometimes ascends 
considerably highei'. The carawila {A, hypmde), of Ceylon and Western India, is 
a much siualHu* species, not exceeding 20 inches in length, and characterised by the 
extl*emity of the upturned muzzle being covered with small scales. 



244 


SNAKES. 


Siberian Hal s Soiiiowhat superior in size to the common viper, this species (-4. 

’ halys) may be rc^co^nisod by the small portion of the liead that is 
covered with shields, and also in that each shitdd, or pair of shields, overlaps with 
its hinder etl^e the shield immediately behind it, thus producing a more or less 
marked imbrication of the whole of the head-shields. Another characterivstic is to be 
found in the small size of the anterior frontal shields, which together have a crescentic 
shape and a somewhat saddle-shaped upper surface. Tluj head is \ ery distinctly 
defined from the compressed neck, the body being rather long, of a rounded trian- 
gular form in the middle, and covered with twenty-three rows of triangular scales : 
the very short tail, which is much thinner than the hinder-part of the body, is 
conical, and armed at the extremity with a forked horny appendage. The ground- 
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colour of the middle of the back is a dark brownish yellow grey, while that of the 
under-parts is a yctllowish white, with more or less well-deiined black spots on the 
liixider shields. The yellow ground of the labial shields of the h(‘ad has chestnut- 
brown markings; and the crown of the head bears a large (piadrangular blotch, 
forming an inbuTUpted transverse band on the frontal shields, and a temporal baud 
running from the hinder bordei* of the eye to the angle of tlie mouth and the si<le 
of the neck. Somewhat similar markings ornament the back, and an^ more or less 
clearly margined with yellow. Along the whole length of tlio back and the ridge 
of the tail are a number of ycdlowish or yellowish white black-edgi'd irregular 
blotches or crossbands; and on the sides are two I'ows of blackish brown spots 
with wliite edges, which frequently run one into another, the first dark spot on 
the neck differing from the rest by its horst^-sliot^ form. The distributional area of 
this snake extends eastwards from the Volga to tlie Yenesei. In Europe the halys 
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viper inhalnts the steppes ])etwecn tlic A^olga aiul tlic Urals ; but its true liome 
is Central Asia. 

Copper-Head In Xortli America, one of tli(5 l)(‘st known and most widely 
Snake. distributed iiuunbers of tlio genus is the copper-head, or moccasin- 

snake (A. coutoririx), wliich s(ddom much exceeds a yard in length. TJie body is 
strong and thick, the short tail provided with one row of shields inferiorly and 
with a heavy appcaidage at the end, while the elongated triangular head is markedly 
<listinct from the neck, with the pits on the snout rather shallow, and the gape of 
the inouth veiy wid(‘, and there are no small smooth shields behind the large 
parictals. A beautiful coppery brown, becoming lighter on the sides, forms the 
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ground-colour of the upper-])arts ; upon which some sixteen reddish brown dark- 
\3dged bands, becoming wider on tlie flanks, have given rise to the name of 
moccasin-snake. On the under-parts the shields are co])per-red, marked on the 
sides with larg(^ jiolygonal or rounded alternating dusky spots. The head is 
generally lighter coloured than the body, and marked by a broad stripe running 
from the snout along the sid(‘ to tin' angle of the mouth. The distribution of the 
copper-head extends from the 45th parallel of north latitude to the extreme 
south of t]ic Lastern United States. Its favoui’ite haunts are damp situations, 
more especially shady meadows covered with tall grass ; and its food consists of 
mice, birds, and probably frogs. From its abundance and comparatively rapid 
movements, iks well as from its lacking the warning sound of the rattle, the copper- 
head is bven more dreaded than the rattle-snake. 
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Water Vi er Another well-known North Airierican representative of the genus 

that must come in for a brief share of attention is the water- viper {A. 
2nf^civorxis)^ which inhabits marshes, rivers, and lakes, and attains a length of 
nearly five feet. From the preceding species it may be distinguished by the 
presence of two small smooth supplemental shields behind the parietals, and of 
numerous small scalt‘s biitween the hinder frontal and temporal shields. The colour 
is very variable ; but in the majority of specimens, on a shining greenish grey 
ground, there are a larger or smaller number of dark bands somewhat similar to 
those of the coppi'r-head. Always found in the neighbourhood of water, this 
snake extends southwards from North Carolina over the whole of North Amei'ica 
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and westwards as far as the Rocky Mountains. Pk^eding chiefly upon fish and 
frogs, it will also devour all animals that may liappcn to fall into the water and 
are not too large for its maw; while in the rice-fields it is the dread of the negroes. 
Not only is the water-viper feared by man, but it is shunned by all animals 
dwelling in or near water. 

Typical Pit- Under this title may be included the members of the largest genus 

Vipers. subfamily, which is likewise common to Tropical America and 

Asia, and is the last group of snakes that we have space to mention. ‘'These pit- 
vipers are long-bodied snakes, characterised by the whole of the upper surface of 
the triangular head being covered with scales instead of shields ; the tail, which is 
frequently prehensile, ending in a sharp point, and having either one or two rows 
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of shields on its lower surface. In all the Asiatic species there are two rows of 
these subcaudal shields, and it is only in a few of the New World forms that they 
are reducectto a single series. The number of longitudinal rows of scales on the 
body is very variable in the different species, ranging from as few as thirteen to as 
many as thirty-one. In Asia these snakes range from India to the Soutli of China 
and the Liu-Kiu Islands ; and while some species arc terrestrial and normally 
coloured, others are arboreal, and in the greenish tints assimilate to tlie colour of 
their surroundings. Tlie climbing tree- viper {Trimcrrsitritfi cframineiis) belongs 
to a group of four allied Indian and Burmese species, characterised by their 
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prehensile tails and the arrangement of the scales on the body in from thirteen 
tb twenty-tliree rows ; the figured species usually having twenty-one rows of scales, 
w}ule there are from seven to thirteen scales in a transverse scries on the head 
between the supraoculars; the temporal scales are smooth, and the shields on the lower 
surface of the t?iil vary in number from fifty-three to seventy-five. Attaining a 
length of feet, this snake usually has the upper-parts bright green, although in 
some specimens tliey may be yellowish, greyish, or purplish brown, while they may 
or may not •be marked with black, brown, or reddish spots. Generally there is a 
light-coloured or reddish streak along the outer row of scales, and the end of the 
tail is freiiuentl}^ red or yellow ; the under-parts being green, yellow, or whitish. 
Ranging from’ Bengal to the Malayan region, this species is thoroughly arboreal in 
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its habits. Stoliczka states that lie fouml these snakes very common about the 
limestoiie-liilLs near Moulmein, where tiny are exactly of the same green colour as 
the foliage amongst which they hide themselves. He saw small specimens very 
often on low umbtdliferous plants growing about a couple of feet high. One of the 
snakes had its tail wound below round the stem of the dower on the top of whicli 
it was basking. All were very sluggish, and did not make the slightest attempt to 
escape when approached, and even allowed themselves to be removed from the top 
of the ])lant. Neitla^r did they offer to bite, unl(‘.ss when pr(‘ssed to the ground 
with a stick ; but when thoroughly aroused, they turn(‘d round and bit furiously. 
The rat-tailed pit-viper, or fer-de-laiice (21 Idiiceohdus) is one of several American 
species with non prehensile pointed tails, whose habits are tm’restrial. Reaching a 
lengtli of nearly 7 feet, with a body as thick as a man’s arm, this snake is very 
variable in coloration, the ground-colour of the upper-parts being generally a 
reddish yellow-brown. The distinctive markings take tlu‘ form of a black stripe, 
which is but seldom absent, running from the eye to the neck, and of two rows of 
irregular dark crossbands on the body. In some spi^cimens the sid(‘s of the body 
are, however, of a bright ]*ed. The form and arrangement of the scales on the 
head, llio presence of seven upper labial shields, and the arrangement of the body 
scales in not more than twenty -nine rows, tog(dlier with the uniformly coloured 
under surface of the bo<ly, serve to distinguish the species fj'om its congtners. 
This snake is an inhabitant of tlie Antilles and Central Anuaaca. Duiing the 
<hytime it lies curled up in repose within the mid<lle of tlu^ coils of the', body, 
ready to dart out with the rapidity of lightning on the a[)])roach of an (‘nemy. 

The mainland of South America is the home of two closiOy allied 
terrestrial rc;presentatives of the genus, respectively known as the 
jararaca (T. jararaca) and the labaria {T. airo,r), which are (exceedingly difficult to 
distinguish fnmi one another. Tlui former, which rangevs from Amazemia south- 
wards to San Paulo and westwards to Ecuador and Pian, has eight or nine upper 
labial shields on the snout, and from twemty-fivo to twenty-sev(*n rows of scales 
on the body ; the gemu'al colour of the upper-parts being gny or greyish brown, 
with small dark brown crossbands, bordered by dark(‘r edges ; while tlui under- 
parts are grey, with two or four irrc'gular longitudinal rows of whitish or yellowisli 
spots. The labaria differs in having ordy seven upper labials, as well as in certain 
details of coloration, the back showing dark lozmigcs alternating with X-shaped 
markings, while the uud(*r-parts are dark(5r, with sometimes two rows of white 
spots, and from the eye to the corner of the mouth runs a broader dark brown 
stripe. Inhabiting Eastern Brazil, this species (ixtends as far north as Guiana, 
while its southward range is less than that of the jararaca.. 

Writing of the latte}’. Bates states that in Brazil it is far more dreaded tlian 
the jaguar or the alligator. The individual seen by Lino lay /soiled up at the 
foot of a tree, and was scarcely distinguishable, on account of the colours of its 
body being assimilated to those of the fallen leaves. Its hideous, flat, triangular 
head, connected with the body by a thin neck, was reared and turned towards us ; 
Fi’azao killed it with a charge of shot, shattering it completel^^, and destroying its 
value as a specimen. In convei'sing on the subject of jai’araca as we walked 
onwards, every one of the party was ready to swear that this snake' attacks man 
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without provocation, ]c:«apinf:j towards him from a corisiderahle distance when he 
approaches, 1 met, in the course of my daily rambles thi'ough the woods, many 
jararacas, itnd once or twice very narrowly escaped treading on tliem, hut never 
saw them attempt to spring. On some subjects the testimony of the natives of a 
wild country is utterly worthless. The bite of the jararacas is generally fatal/* 

Extinct Groups of Scaled Reptii.es. 

A brief reference may be made to two groujis of (‘xtinct reptiles from the 
rocks of the Secondary epoch, which must be included in the order Squamata. 

Long-Necked The first of th(‘se groups is represented by a small snake-li/ard, from 
Lizards. English Chalk, described under the name of Dolichomitrus, and 

forming a subordia* (l)olichosauria) by itself. Whereas ordinary lizards have not 
more than nine vertebrje in the neck, this strange rei)tile has upwards of from 
fifteen to seventeen, while its hind-limbs are characterised by liaving the whole of 
the five metatarsal bones of the foot well developed, and its whole structure 
reveals a very g(‘neralised type of organisation. The vertebrae have additional 
articulations lik(‘. those of snakes. .It is probable that these reptiU‘S form the 
ancestral group from which tlu^ other suborders of scaled reptiles liave originated. 

Cretaceous A still moi‘(‘ rcnnarkable group of the order is formed by certain 

Sea-Serpents, carnivorous marine r(‘ptihiS from the Cretaceous rocks, many of which 
attained gigantic dimensions, and may not inappropiiately l)e dt‘signated extinct 
sea-serpents. Commonly known as Mosasanroids, on account of tlie lirst describe<l 
genus (jVo.s'u,sv(n/n/K), having been found on the banks of the Mmise, tlnw form a 
suborder technically known as th(i Pythonomorpha. They all had a much elon- 
gated body, and a skull approximating in structure to that of the monitors among 
existing lizards, th(' nasal and premaxillary bones being welded together, and the 
quadi*ate very loosely attached to the skull. Teeth were prc'simt on some of the 
bones of thi'. palate, as well as on the margin of the jaws; those of the latter series 
being large, sharply ])ointcd, and attached by exjianded bases. The bones of the 
should(‘r-girdle an<l jxOvis were more or li‘ss imperfiictly developed; and the limbs 
.were modified into paddles or flippers, with the toes enclosed in a common skin, 
and devoid of claws. Th(‘n‘ were either nine or ten vm’tebne in the neck ; and 
whereas, in some casijs, the vertebrm resembled those of snakes, in other instances 
they lacked the additional articulations distinguishing the latter. It will be un- 
necessar}^ to particularise the various genera of th(\se rej^tih's, but it may be 
'mentioned that while some of the better-known forms have been desciibed as 
i{os<tf^av/rvs, others have received the nani(\s of Liodon and Clidaf<f(\^, They appear 
to have inhabited the Cretaceous seas of all parts of the world, liaving been 
obtained from regions as far apart as England, Ninv Zealand, and Argentina ; and 
while some attained a hmgth of between 25 and "AO feet, others wen^ not more 
than 8 or 10. Then, again, while in some cases the jaws were armed with power- 
ful teeth tp their extremities, other forms had a long, toothless beak. 
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The Remaining Groups of Reptiles, — Orders Ichthyopterygia, 
Ehynchocephalia, and Anomodontia. 

Of the three orders remaining for consideration, two are completely extinct, and 
not kiKJwn from deposits of later date than those of th(^. Secondary period, wliilo 
the third is represemted at the present day only by a single species from New 
Zealand, although in former geological epochs it appeal's to ha^'e been abundant- 
The first of the three for consideration is the group of 

Fisn-LiZAUDS, — Order Ichthyopterygia. 

Moi’e or less familiar to all from the beautifully preseuwed skeletons obtained 
from the Lias of England and the Continent, specimens of whicli ar(' (whibited in 
almost every museum, the Fish-lizards, or Ichthyosaurs, were laigo marine reptiles, 
with the naked body thick and whale-like, the neck extremely short, and the limbs 
modified into paddles differing from those of all other meiribers of the class in the 
structure of their skedeton. The skull is produced into a long snout, generally 
fui*nish(Ml with a full series of sharp teeth, and mainly formed in the upper jaw by the 
premaxillary, or front Jawbones; and the nostrils arc consequently placed close to 
the e^yes, thci latbir, lik(‘ those of birds, being pi'ovidiHl with a ring of movabh^ plates. 
>Superior]y, the skull has a hole or foramen, in the parietal bones : while posteriorly 
the upper and lower arches are connected behind the socket of the eyt; by a bone 
known as the suprat(unpora,l, so that this portion of the skull is compl(‘t(;ly roofed 
over, as wo shall s(;c to be the case in the Labyrinthodont Amphibians. Then, 
again, the quadratc-lxme, with which the lower jaw articulates, is firmly united to 
the adjacent elements of the skull; while in the general relations of this bone 
and the bones of the palate there is a marked agreement with the beaked reptiles. 
The teeth are confined to the edges of the jaws, where they are implanted in 
distinct sockets; and generally have conical and fluted crowns, although more 
rarely they arc compressed and smooth, with sharp cutting edges at the front and 
back. The back-bone presents a nearly similar stnicture, the vertebra), as shown 
in th(‘. figure on p. C, being short discs, which may bo cither de^jply cupped or 
nearly flat at the two ends. In the body and neck these vertebra) carry a pair of 
tubercles on each side for the articulation of the forked ends of the ribs ; but in 
the tail there is but one such tubercle, the ribs being single-lieaded. Moiyover, the 
vertebrae are further remarka1)le for the absence of any body union between the 
body or centrum (the part represented in the figure), and the arch enclosing the 
spinal marrow, so that these two yjortions are always found detached. * The bones 
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of tho shoulder-girdle much resemble those of lizards, the collar-bones being well- 
developed, and the T-shaped interclaviclc resting on the lower surface of these and 
^the metacoAicoids. The limbs are quite unlike those of any other reptiles, the 
upper bone (humerus in tho fore -limb) being very short and thick, while below 
this the whole of tlio bones, as shown in the accompanying figure, were polygonal, 
and so articulated with one another that the skeleton of the paddles assumed a 
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kind of pavem('nt-like oi* mosaic structure. In most kinds tho front pa<ldlos were 
much lai'ger than the hinder-pair; and wJiereas, in some cases, two longitudinal 
series of l)on(\s originate from the bone markcMl i in the accompanying figure, thus 

producing a very broad type of paddle, 
in other forms (as shown in the skeleton 
in the figure above), only a single series 
articulated with that bone, and th(‘ whole 
pad<lie was consequently much n.arrower. 
Specimens like tho one figured here show 
that whili‘ the soft parts of the paddle 
extended but a short distance in advance 
of the front edge of the bones, on the 
hinder- side they terminated in a wide, 
fringe, thus forming a structure admir- 
ably adapted for swimming. Other 
examples indicate that the back of these 
reptiles was furnished with an upright 
triangular fin somewhat like that of a 
pOT*poise, behind which were a number 
of small billets, while the extremity of 
the tail was expanded into a horizontal 
fin, comparable to the flukes of a whale. 
Many of these reptiles attained a length 
of from 30 to 40 fi'et ; and they flourished throughout the whole of the Secondary 
period, that is to say, from the epoch of the Trias, or lied Sandstone, to that of the 
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A.U, bone of upper arm ; r.u^ bones of fore-arm ; tlie 
other letters ii^icati‘ tlie bones of the wrist, below 
which are the bodies of the lingers. 



252 


BEAKED LIZARDS. 


Chalk, most or all of the forms from the first-named deposits being of a more 
generalised type than tliose of later date. 

In external appearance the fish -lizards must have presented a marked 
resemblance to whales, the place of which they seem to have filled in the old seas. 
Like these animals, they were obliged to come periodically to the surface of the 
water for the purpose of breathing; and they wt‘re likewise carnivorous, as is 
attested not only by the conformation of their teeth, but likewise by the petrified 
remains of their prey. Occasionally specimens are mcit with, in which entire 
skeletons of one or more young individuals of the same species are preserved within 
the cavity of the ribs, thus proving that in these reptiles tlie ('ggs were hatclied 
within the body of the females, and the offspring produced in a living condition. 


The Beaked Lizards. 

Order Riiynchocephalia. 

The tuatera, which seems to bo confined to the small islands off the north-east 
of New Zealand, is not only the most remarkable of all existing rej^tiles to which 
the term lizard can be applied, but is the sole living representative of a distinct 
family, as well as of an entire order; and the difference between it and an ordinary 
lizard immeasurably exceeds that by which the latter is separated from a serpent. 
As an order, the beaked reptiles may be pi’ovisionally characterised ns follows. 
Externally most of these reptiles appear to have been more or less lizard-like; 
and, as in th(*ir living representative, the body was probably covered above with 
small granular scales intermingled with tuberch's. Tht^ skull differs essentially 
from that of lizards in having the (piadrate-bone immovably fixed by the upper 
end to the adjacent bones; and likewise by having both an upper and a lower 
temporal arch. The hind portion of the palate is formed by the union of the 
pteryg(^id bones, which, generallj^ at least, extend foiwards to nuH-t tlu* voimu’s, 
and thus divide the palatines ; while the anterior upjicr jawbones, or pre- 
maxillm, remain separate fj-om each other. The teeth arc not implanted in 
distinct sockets, and are usually welded to the summits of the jaws. In the truidv 
tlie ribs articulate to the vertebrae by single heads, and may have hook-like 
processes similar to those of birds; while on tlui lowtu' surface of the body 
so-called abdominal ribs are always developed, forming a shield composed of a 
number of segments, and comparable to the plastron of the tortoises. The 
vertebrm may bo either hollowed at both articular ends, or the hinder surface 
may be cuppetl and the front one ball-like. That the beaked reptiles form a veiy 
piamitive group is clear, not only from their structure, but from their antiquity ; 
representatives of the order occurring in the Permian strata, immediately over- 
lying the Carboniferous or coal-bearing rocks. While some of these early forms 
appear to connect the order very closely with the Sauropterygians, others indicate 
an equally close relationship with the under-mentioned Anomodonts. 

The Tuatera single existing representative of the order {Sphenodon 

ptinctatws) forms a family (Sphenodovtldai) by itself, and likewise 
is the representative of a distinct suborder (Rhynchocephalia Vera), characterised 
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by each segment of the shii‘ld on the lower surface of the body being formed of 
only three elements, of which the iniddle one is chevron-shaped, (ind likewise by 
the fifth metatarsal boiKJ of tlie liind-foot being reduced in length and thickened 
in the same manner as in lizards. The group is further characterised by the 
dou])lc nostrils, the union of the two branches of the lower jaw by cartilage, and 
the deeply Jiollowed articular surfaces of the vcirtebrm. From its extinct allies the 
family is distinguished by having a p(‘rforation on each side of the lower 
extremity of the humerus, or upper bone of the fore-limb ; by the j)resence of 
hook-like processes to the ribs, as well as of so-call(‘d intercentra, or additional 
segments between the bodies of the vertebrm; and likewise by the beak-like 
premaxillary bones carrying a pair of somewdiat chisel-like teeth, and the presence 
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oi oply a single row of teeth on the palate, which are separated by a groove from 
^the row affixed to tlie edge of the upper jaw. Into this groove is received the 
teeth and upper edge of tlie lower jaw, which in very old individuals becomes as 
hard and polished as the teeth themselves ; tlie latter being more or less completely 
worn away m extreme old age. On the upper surface of the skull is a larcm 
vacuity or foramen, m the parietal bones. In external appearance the tuaterals 
hzard-hke, the body being slightly and the long tail strongly compressed ; while 
the limbs carry five toes, all furnished with claws, and connected at their bases by 
webs. Ttiiu-e is no external opening to the ear, and the large eye has the. pupil 
vertical. On the upper-paiis the creature is clothed with smali granular scales, 
intermixed with tubercles ; and a crest of spine-like scales miis from the hinder- 
part of. the head down the middle of the back, continued in a smaller degree of 
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development down the tail ; while inforiorly there are large squarish scales aiTanged 
in transverse rows. Attaining a length of about 20 inches, the tuatera is olive or 
blackish in ground-coloui’, upon which are small yellowish dots, while the lobes of 
the crest on the neck and back ai‘e likewise of the latter colour. The perforation 
in the parietal bones of the skull just referi*ed to covcu's a rudimentary eye, which 
although now functionless was probably a working organ in the ancestors of 
the Vertebrates. In the young tuatera this piiKUil eye can be seen thi*oug}\ the 
translucent skin, but in the adult this skin becomes opaipie. 

In the Jurassic rocks of Europe there occur remains of reptiles 

Allied FamUies. ^ , . -i rr 

allied to the tuatera, but constituting a distiiict family {Hcmunosaar- 

id(jb) typically represented by the genus 
Ho^iiceosaurus, These have no tusk-like 
teeth in tlie front of tlie ja^vs, and the lower 
end of the humerus has a p(u4*oration only 
ly on its inmn* side, and the ‘re ai’e no intt*r- 

‘ll' between the vertebrjo of the back, 

hook-like process(‘S to tin? ribs. A 
‘ third family (Rhi/urltosa h ri(hv) is typified 

V ■ A' 4^'^' 1 lihjjiichomu rtis, from the Trias 

Red Sandstone of England, and is 
‘ characterised by the beak being toothless 

and probably sheathed in horn; the palate 
having two or mojH; longitudinal rows of 

rfW preceding families thesci r(‘pti]es differ by 

having only a single aperture to the nostrils, 
^lal by the bony union of the two bi*anch(js 
of the lower jaw ; while the articiihu* 
surfaces of the Aau'tebra^ are nearly flat. 
Moi'cover, there is no vacuity in the middle 
SKULL OF THE Hi/perodcipedofi {{ uat. size). top of thc skull. In the typical genus 

Tlie upper figure shows the superior aspect; the there is a single row of teeth on the inner 
lower one on the left thc i)alatc, ami the right lower i 

one the uiiilcr surface of thc front of the lower jaw. filde ot the glOOVe Oil th(J palate, l)Ut in 

Ilyperoclupedmi, thei'e were numerous rows, 
as is shown in the illustration. The extremity of the beak in each jaw formed 
two curved tusk -like processes, which diverged in the lower one. ^ 
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Oldest Types Permian rocks of Europe yield i*emains of genera, such as 

Prate romurwH and Palcvohatteria, differing markedly from the fore- 
going, and constituting a second suborder (Proterosauria), characterised by the 
complex nature of the bones forming the shield on the lower sui'fiice of the body, 
by thc fifth metatarsal bone of the hind-foot being of an ordinary type, and like- 
wise by the lower bon(‘S of tlie jiclvis being expanded into large flattened plates, 
instead of comparatively narrow. The last feature allies the group to the earlier 
Sauropterygians. In the genus first named the vertebrae of the neck have cup- 
shaped articular surfaces behind and balls in front, and there are no intercentra 
between the vertebral of thc back, but in the other the articular surfaces of the 
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vertebra) are slightly cupped at each end throughout the series, and intercentra 
are present.^ 

The Anomodonts, or Mammal-Like Reptiles. 

Order Anomodontia. 

The last order of Reptiles, which is entirely extinct and confined to the 
Triassic and Permian epochs, is of especial interest to the evolutionist as being 
nearly allied to the ancestral stock from which Mammals have originated, and also 
equally closely related to certain extinct Amphibians noticed in the sequel, which 
were themselves evidently not far removed from the type whence sprang both 
Reptiles and Mammals. It should be observed, however, that these Anomodonts 
show the nearest relationship to the Egg-laying Mammals, and until we know the 
true affinity of 
the latter to the 
other members 
of the same class, 
it is of course 
impossible to at- 
tempt to define 
the gcniealogy 
more (exactly. 

The Anomodonts 
are tlu^ only 
reptiles which 
agree with the 
Egfr - laying 
Mammals in 
having three dis- 
tinct bones on *the htciit side of the velvis (A) anp shoi’ldeu-girple (B) op an anomodont. 

each side of the U, lianiich-bone, or iliuru ; 25 , isjcliiuiu ; pubis; of, foramen between ischium and 

true shoulder- bladc-bone, or scajjula ; p.coVf coracoid ; cvr, metacoracoid ; gl^ cavity for Lead 

, ' ' , of uiiper arm-bone, or humerus. 

girdle ; that is 

to say, a blade-bone, or scapula, above, and a coracoid and metacoracoid below. 
Then the pelvis is very mammal -like, not only in that its three elements are 
lanited, but likewise in the small size of the vacuity, or foramen {of) between 
the pubis and ischium. It will also be seen from tlie two figures here given how 
close is the resemblance between the pelvis and shoulder-girdle of these reptiles, 
each having one bone above and two below. Even still more marked is the 
similarity between the ujiper anri-l)one or humerus of the Anomodonts and that 
of the Egg-laying Mammals; each having a perforation on the inner border of 
the lower end, whereas in those existing reptiles which possess such a perfora- 
tion (with \\ie exception of the tuatera, where there is one on each side), it is 
situated on the outer border. As a rule, the Anomodonts further resemble 
Mammals in the absence of abdominal ribs ; and there arc important similarities 
in die structure of the skull. 
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Anomodonts aro met with in the Triassic rocks, and are represented by at 
least four well-marked subordinal types. In the first group, known as Mammal- 




SKULL AND TEETH OP GALESAUR 

toothed (Theriodont) Reptiles, tlie teeth, 
as exemplified in the figure of the skull 
of the African galesaur, are differentiated 
into incisors, tusks, and cheek-teeth ; the 
latter frequently liaving three cusps 
ranged in a longitudinal series. Whether, 

TOOTHED ANOMODONT (i iiat. Size). howcvcr, tliis marked mammalian type 

■ of dentition is indicative of genetic affinity 
witli Mammals, may be open to doubt, as it is quite as likely to be due, to parallelism 
in development. Another modification is presented by the Dicynodonts of England, 
Africa, and India, in which the jaws formed a horny beak, (dther destitute of 
teeth, as in the tortoises, or provided with a huge pair of tusks in the upper 

jaw ; some of these reptih's being of 
gigantic size. A third group, known as 
JBCIB E Pavement-toothed, or Placodont Reptiles, 

^ which should probably be included in the 

^ ^ ^ ^ - order, are charact(U'iso<l by the presence 

\ ’ V ^ of broad, flattened teeth on the palate and 

^ jaws, as shown in the figure on p. 5 ; the 

skull being very short .and more or less 
• - ✓ triangular, with the double nostrils situated 

near the extremity of the muzzle, some 
k ^ distance in advance of the sockets of the 

eyes, which occui)y a nearly central posi- 

ANOMODONT(}nat.size). these forms, the skull has 

large temporal fossae in the hinder part of 
the upper surface ; but in the Wall-toothed or Pariasaurian Anomodonts, as shown 
in the cut, the hinder part of the skull was roofed over by bone, in the manner 
characterising the Labyrinthodont Amphibians, to which these reptiles were allied ; 
a peculiar sculpturing of the surface of the skull being another'' point of resem- 
blance. In the species, of which the skull is figured, a number of spines surmounted 
the head ; but these were wanting in the African pariasaur, which was a gigantic 
creature, with a somewhat frog-like head, an apology for a tail, and powerful 
short limbs, in which the toes were armed with long claws. 


UPPER SURFACE OF THE SKULL OP A WALL-TOOTHED 


ANOMODONT (} iiat. size). 
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AMPHIBIANS. 

CHAPTER 1. 

Genkual Ciiaeactebistics, — C lfiss Amphibia. 

FiiOGS Axi) Toads,— Order Ecaudata. 

In popular cstiiuation fro^s and toads, together with theii* near relatives tlie newts 
and salamanders, arc regarded as Keptiles, but they are really very difierent, and 
constitute a class by themselves, being in many resj)ects intermediate between 
Reptiles and Fishes. From the mode of* life of its members the very appropriate 
name of Amphibians has been i>roposed for the class, and is tluj one wdiich should 
adopted, although the term Batrachians, which more properly applies to frogs 
and toads alone, is not unfrequently use<l in the same sense. Agreeing with the 
higher Vertebrates in the structure of their limbs, wliicli are divided into the same 
number of segments as in -Mammals and Reptiles, and supported by corresponding 
bones, existing Aniphibians are distinguished from Reptiles by the absence of any 
ossitication in the basioccipital region of the lower surface of the hinder-pai*t of 
the skull, in consequence of which the latter is articulated to the first vertebra by 
means of t\vo condyles formed exclusively by the exoccipital bones. A further 
important point of distinction is afforded by the abscuice in the embryo of those 
membranous structures known as the amnion and allantois. Moreover, the great 
majbrity of Amphibiails pass through a metamorphosis, or rather a series of 
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metamorphoses, commencing their existence immediately after leaving the egg in 
a larval condition, during which the}’' breathe the air contained in water, by means 
of gills, whihi in the adult state they breathe atmospheric air by means of lungs. 
Varying much in external form, these animals nearly always have the body 
covered with a soft naked skin ; but in a few instances among existing forms scales 
are embedded in the skin, and most of the extinct forms had a well-developed 
armour of scales and bony scutes. In some forms a longitudinal fin is developed 
down the middle of the back and tail, but this is always soft, and lacks the support- 
ing spinous bones characterising that appendage in fishes. In passing through a 
metamorphosis, Ampliibians are more like the inferior groups of animals than the 
higher Vertebrates ; and while in the earlier stages of their existence, during which 
they breathe by gills, they may be regarded as very closely allied to Fishes, in the 
adult state they come much nearer to Reptiles. The extinct Labyrinthodonts, 
which are themselves not very widely removed from hshess, and liave the basi- 
occipital bone ossified, sci'vo to connect other memb(‘T-s of the class with the 
Anoinodont and Beaked Reptiles. And it may be mentiom’d here that while in 
Mammals the skull has continued to be supported by the two condyles of the 
Amphibians, in the Reptiles the basioccipital bone has developed an intermediate 
condyle filling up the gap between the two cxoccipital condyles, and thus forms 
a single tripartite condyle like that of the tortoises, Freqiuaitly, as in th(^ 
crocodiles, the lateral elements have tended more or less completely to disappear, 
thus leaving a condyle formed almost entirely by the basioccipital. 

As already said, the skin of most existing Amphibians is soft and 
naked ; it is invest(;d with a colourless epidermis, which is periodically 
shed entire, while the deeper layer is often coloured with blotches or streaks of 
yellow, red, brown, or black. Other colours, however, such as green and blue, are 
produced by pigment-cells, which generally make their appearance under special 
conditions of warmth and moisture. As a rule, the colour of Ampliibians varies to 
a great extent with the nature of their surroundings, as is well exemplified in the 
case of the frog, which changes its hue according to the nature of* its habitat ; while 
the trec-fi’ogs harmonise with the foliage among which they dwell. It is, however, 
very i*einarkable that in Costa Rica a certain toad simulates to an exti'aordinary 
degree the coloration of the snakCvS — both poisonous and harmless — of the sam(‘ 
country ; while in North Sumatra Amphibians of various groups are spotted with 
carmine-i’cd. In all Amphibians the skin is furnished with glands secreting a 
more or less milk-like fluid ; these glands being generally distributed all over 
the body, although sometimes they are confined to the sides of the neck behind the 
ey(‘s. In many toads and land-salamanders some of the larger glands appear as 
prominent warts, pierced with large pores. 'The viscid, milky fluid secreted^. by 
th(^se glands is exuded during excitement, and is endued with more or less 
poisonous properties, being intended to serve as a means of defence. Although 
some degree of irritation of the skin may bo produced by handling some of 
the species in which these j)oi8onous properties are most developed,' the stories 
of toads or salamanders spitting venom are, it is almost needless to observe, 
pure fabrications. When introduced into the circulation, batrachian venom acts, 
howevej*, as a powerful poison, influencing the heart and central nervous system ; 
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and the Hecretioii of a South American species is employed by the Indians to poison 
spears and arrows used in killing monkeys. 



I 


BULL-rilOOS DISPORTING. 


In the eponomy of Amphibians the naked skin and its glands play a most 
important part, since none of them drink, in the proper sense of the word. 
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but imbibe moisture through the pores of their inti^giiment. Moisture is, indeed, 
essential to their existence, and if they be conlined in a dry atmosphere they 
soon perish. It is true that frogs may be seen l)asking in the sun s rays, and 
apparently enjoying the warmth as much as lizards, but they only do this in the 
neigld)Ourhood of water, to which they retire when necessary. Such members of 
the class as iriluibit dry localities, are mostly nocturnal, avoiding sunshine, dnd 
wandering abroad when they can obtain moisture from dew. 

Tlie skeleton of the Aimdiibians p]*esents many peculiarities, and 
m some lorms has numerous hsli-hke characters, ror instance, in 
certain of the forms with permanent gills the vertebrae are scarcely distinguishable 
from those of fishes; whereas in the true newts tliey have a rounded knob at tlie 
front of the body and a cup at the hinder extremity, and are closely articulated 
with one anothei*. In the. long-tailed groups th(‘- number of verU‘brai is considc'r- 
able ; but in the frogs and toads those of the back are reduced to seven or eight, 
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the hinder-end of the backbone terminating in a long Ntylo, extending between the 
greatly produced extremities of the haunch-bones, or ilia, which articulate with the 
lateral processes uf the sacral vertebrae. The transverse process(‘s of all the 
vertebrm are well-developed, and in some cases very long ; and they take the place 
of ribs, which, at the most, are represented by some small rudiments. In conse- 
quence of this absence of ribs, Amphibians are unable to breathe in the ordinary 
way by alternate expansion and contraction of the cavity of the chest; and 
they, so to speak, swallow air, taking in a large gulp, and then closing tlie 
mouth. In addition to the peculiarities connecte<l with its condyles and the 
basioccipital region, the skull is distinguished by its flattened, brokd, and more or 
less semicircular form ; the sockets for the eyes being generally large and ill-defined. 
In front of the condyles the under surface of the, middle of the skull is overlain by 
a large parasphenoid bone, which is frequently dagger-shaped; this bone being 
generally but slightly, if at all, developed in the higher Vertebrates, although very 
large in Fishes. The lower jaw, which articulates with the skull by the interven- 
tion of a quadrate-bone, is composed of at least two pieces on each side, and iriay 
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contain inoro eleiiieiits. The palatines anti vomer, and iiioi'e rarely the j^arasphenoid, 
maj^ be armed with teeth, like the upper jaw ; but in the frogs and toads the lower 
jaw is verj^ generally toothless. In all cases the teeth are small, simple, and pointed ; 
being adapted for holding, and not for jnasticating. The slioulder-girdlc, which is 
lai'gely cartilaginous, is placed 
very close ^ to the head, and com- 
ju’ises the usual elements. Each 
sca])ula, or shoulder-blade, has an 
upper cartilaginous portion, ex- 
tending inwards nearly to the 
middle line of the back ; while in 
the frogs each metacoracoid has 
an inward cartilaginous expan- 
sion, which may either meet or 
overlap its fellow, and is of much 
importance in classihcation. In 
advances of tlu) mctacoracoids is 
anotluu’ pair of transverse bars 
commonly known as tlie precora- 
coids ; while in front of tliese is a 
single median rod termed tlie omosternum ; the proper sternum, or breast-bone, 
occupying a similar position behind th(i uictacoracoids. In the fore-limb the I'adius 
and ulna maybe united, and tht) wrist cartilaginous; the number of toes among 
living forms never exc(*eding four, and being sometimes reduced to three. More 
variation exists in the hind-foot, the number of toes in the long-tailed forms 
ranging from two to four, whereas in the frogs and toads it is always live. Only 
in a few frogs and lujwts arc the toes furnished with claw-like nails; in the 
greater numbtu’ of forms these being naked, although often connected by webs, and 
sometimes carrying adhesive discs on the lower surface. 

Soft Parts • Amphibians the brain is of a very low type, its component 

portions lying in a lino one behind the otlier, witliout ovei-lapping. 
.All possess the three chi(^f organs of sense, although in some instances the eyes 
may be very minute and covered with an opacpio skin. In frogs and toads the 
eye is large ami very highly developed ; generally possessing two lids, of which the 
lower one is larger and thinner than tlie upper, and more or loss transparent. 
Greater variation exists in the structure of the ear, which is simplest in the 
tailed forms. The nose opens externally in a pair of nostrils situated near the 
muzzle, and by another pair of apertures into the rnoutli ; the latter character 
distinguishing Amphibians from the majority of Fishes. The tongue, which acts 
onl}^ in the very, slightest degree as an organ of taste, and is wanting in one group 
of frogs, is generally well-developed and thick, filling the whole space between the 
jaws, and being capable of a large amount of motion ; it differs essentially from 
that of thej higher Vertebrates in that it is affixed to the inner side of the front of 
the lower jaw, with its tip pointing down the throat. 

Development Amphibians lay eggs, which are generally although not 

, ^ ‘invariably deposited in fresh water, and fertilised as they are 
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extruded from the female. As a rule, tliese eggs, which much resemble those of 
tish, are small, very uunuirous, and connected together by mucilage, forming either 
a string or a jelly-like mass in which the dark yolks are very consj)icuOus. Some 
of the tree-frogs, however, lay large eggs, wdthin which the larvie undergo the 
whole of such transformation as takes place; and in one genus, instead of the 
usual gills, a temporary breathing-organ is developed on the tail. A land-frog in 
the Solomon Islands also lays large eggs, like small inarbles, which are deposited 
in tlu* enndees of rocks, and from which emerge fully-develop(‘d frogs. The eggs, 
with certain exceptions, are deposited in water, where they are hatched by 
th(i heat of the sun; and it appears that the dark colour of the yolk is for 
the purpose of absorbing as much solar heat as possible. Such eggs as are 
laid during the late spring and summer are less darkly coloure<l, and have 
thinner coats, than those deposited in the early part of the spring ; and while the 
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1, Egffs -wUeu first laid ; 2, Eggs at a lat(3r .stage ; 3, Egg coutaiioag embryo ; 4, N('\vly liatclird larva* ; 
fi, (), Larvte with external gills ; 7~12, Later stages in the development of hirva\ 


former are placed on the ground at tlie bottom of the water, the latter float on the 
surface ; the reason of this dilierence being that in the early part of the year 
tlie lower strata of water are too cold to admit of the development of the ova. 
In ordinary cascis, when the larva has reached a certfiin stage, it bursts the 
investing membranes of the egg, and comes into the world adapted for ah 
a({uatic life, and always possessing a long compressed tail composed of zigzag- 
shaped masses of muscles, similar to those of fishes. The first process is the 
sprouting forth of branching external gills from the sides of tlie neck, which in 
the larvfB of the frogs and toads are subsequently replaced by internal gills, but in 
the long-tailed forms persist for a longer period. After the disappearance of the 
external gills, the water is expelled from the gill-chamber by one or two tubes, 
generally discharging by a single orifice, which may be situated either on the 
lower surface of tlie body, or on the left side. As soon as the external gills have 
made their appearance, development is concentrated on the tail and the absorption 
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of the remainder of the yolk. The vertical fin-like expansions of the tail rapidly 
increase, and the body becomes relatively smaller and more slender; while the 
limbs begip to inak(j their appearance as buds, although the date of development 
of the front an<l liind-])air vai-ies in different groups. In the newts, the front 
pair of limbs arc the fii*st to ap])car, in the frogs the reverse is the case. In 
the latter the hind-lim])s appear some considerable time before the front pair, 
the fish-like tail persisting till the sprouting of these, when the cliange from 
a herbivorous fish-like animal to one carnivorous and ivptiliform begins. The 
jaws are at first invested with hoi*ny teeth, and subsecjuently with horny 
sheaths, which evtiiitually disappc'ar ; whihi the tail gradually diminishes in size, 
and finally is lost, ft may be observed tliat no vertebrm are developed in the 
frogs tail ; and that the long spine in which tlu^ backbone of tlie adult terminates 
is an outgrowth irom the liindmost vertebra. Not less reiiuu'kablc is the 
shortening of the inttjsiinal canal, as the cri^ature changes its herbivorous for 
carnivorous habits, ^fo trace in detail the dovt^lopment of the soft parts would 
greatly exceed our limits of space. We may mention, however, that in one group 
of Tailed Amphibians the external gills of some individuals may be retaine<l 
permanentlj^ while iji oth(‘rs of tlui saim^ species they are east at an early period. 
Then, again, the number of these gills is by no means constant, for in the (Cingalese 
cmcilian and the salamaiKh*r there are thix^e pairs of tlajse organs, in the tadpoles 
of some frogs tlica-e are two, and in others, as well as in one genus of cmcilians, 
there are only a single pair. 

Distribution Geologically the Amphibians are a vmy ancient group, their 

ohh^st j-(‘pr(‘sentatives occurring in the (Carboniferous aiid Permian 
rocks of liurope and Nortli America. All these ancient representatives of the 
class behmg, howev(‘r, to the group of Labyrinthodonts, which survived till the 
period of the Trias, and are structurally very different from the modern foimis, 
approximating in em tain respects to fislies. Indeed, since no Amphibians have 
liitherto b(‘en discov<‘red betwe(Ui tlui Trias and the Wealden, or lower Cretaceous, 
rocks of Belgium, we are ([uite unable to assert that the modeim representatives of 
the class are tin? direct dcsscendants of tlie Lalyrinthodonts. Commencing in the 
Belgian Wealdtai, tlie nc'wts and salamanders occur tliroughout the greater part of 
the Tertiary rocks; but the frogs and toads arc first known in North America 
from Eocene beds, while in Europe they are not met with before the Oligocciie. 

At the })reseut tinui Ampliibians ax’i*. distributed over all parts of the world 
except tlu‘. polar regions; although they are more dependent upon the presence 
of water and warmth than any of the preceding classes of Vertebrates. They are, 
accordingly, most abundant in the tropical and subtropical regions ; and as none 
of them are marine in their haliits, even a narrow arm of the sea is generally 
sufficient to limit their habitat. When they occur on islands, it is probable either 
that their eggs* have been carried by birds, or that there has been a comparatively 
recent separation from the mainland. In absolutely desert districts Amphibians 
are uiikimwn; while in countries where there is a long dry season, followed 
by a period of rains, they are in the habit of becoming torpid during the 
fonner ; the length of tlie sleep in one Javan species being upwards of fi.vo months. 
In cold cliijiates all the members of the class become torpid during the winter. 
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As regards their general distribution, Amphibians closely resemble , fresh-water 
fish,' and differ widely from lizards. Indeed, from an Ampliibiaii point of view, 
the globe may be divided into two great regions, namely, a noiihern one 
characterised by the abundance of newts and salamanders, and the absence of 
csBcilians ; and a southern one distinguished by the want of the former and the 
presence of the latter group. 

In their mode of life, it is probable that very few Amphibians 
arc diurnal ; most of the terrestrial forms making their appearance 
abroad with the first shades of evening, and retiring to their hiding-places at 
dawn. In wet or cloudy weather frogs and toads — especially in South America — 
frequently appear in great numbei’s during the day ; and both these groups are 
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in the habit of making night hideous with their croakings. Although in ail cases 
the adults are carnivorous, the larvm subsist more or less exclusively on vegetable 
substances; some confining themselves to that kind of diet, while others also 
consume animalcules and other minute creatures. 

Characteristics of The frogs and toads are distinguished from their allies by the 
Frogs and Toads, presence of four limbs and the, absence of a tail in the adult state; 
the latter feature giving origin to the name Ecaudata, by which the order to 
which they belong is scientifically designated. They all have shoi't and frequently 
thick bodies, in which the backbone comprises, at most, only eight vertebras ih 
advance of the sacrum ; those behind the latter being fused into a long rod,4ite 
bone, as shown in the figure of the skeleton on p. 261. In the fore-limb, as sh9wn 
in the same figure, the bones of the fore-arm (radius and ulna) are completely fused 
together ; and the same is the case with regard to the tibia and fibula in the hind- 
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leg. Moreover, the hind-limb obtains a kind of additional segment, owing to the 
elongation of the calcaneum and asti-agalus in the ankle-joint, which form a pair 
of long boi4es lying parallel to one another. As a rule, frogs and toads undergo a 
lengthened larval pcj*iod ; th(i “ tadpoles,” as shown in the figure on p. 262, having 
a globular head and body, a fish-like tail, external or internai gills, and no limbs in 
the first stages of their existence. The hind-limbs are tlie first to appear, and 
after the front pair arc dcvolop(‘.d th(i tail is gradually absorbed, upon whiQh the 
young for the first time leave the wat(;r. Represented by about a thousand species, 
frogs and toads have a woiddwide distribution, although more abundant in tropical 
and subti’opical than in temperate regions, and being especially numerous in India 
and South America ; and it is n(jt a little remarkable that sonic of the largest 
forms are inhalntants of islands. Fi-om the nocturnal habits of the adults it is 
frecpiently difficult to find out Avhether in any locality these reptiles are abundant 
or the reverse ; but in the spring this may generally be ascertained by observing 
the tad|K)l(‘s in the rivers and points, since all of these show specific differences, to 
the full as well marked as those in the adult. 


The Typk^ve Frogs. 

Family JiANlDJ:. 

The typical frogs, together with four otluu' families, constitute a suborder 
(Firmisternia), characterised by tlie presence ol* a tongue, and by the firm union 
of the t’wo mt'tacoracoid bom^s of the clu‘st by moans of a single cartilage uniting 
their free edges. From the other members of the group, the typical frogs arc 
distinguished as a Family liy tlu* pr(‘s<mc(i of teeth in the upper jaw, and by the 
transverse processes of tlie sacral vert(‘bra being either cylindrical, or but very 
slightly dilated at their extremities. These characters are sufficient to distinguish 
the typical frogs from the other families of the suborder; but it may he added that 
the vertebra) arc cuppcul in front and holkwed behind ; while tlnu'e are no ribs ; 
and the terminal* style of the backbone is articulated to the sacrum by two 
condyles. The terminal joints of the toes may be cither simple or pennted, 
T-shaped, Y-shaped, or even claw-like ; the species in which these joints are thus, 
expanded having the soft parts similarly expanded and flattened. For a long time 
it was considered that the shape of the tips of the toes was connected with the 
mode of life of their owners ; and although this is so to a great extent, it is now 
tfecertained that several of the species in which the toes are somewhat expanded 
are as aquatic as those in which they arc pointed, and species presenting both 
modifications are included within one and the same genus. The typical frogs are 
divided into twenty genera, only two of which are noticed in this w^ork. 

Under the general title of water-frogs may be conveniently 
included all the members (some hundred and forty in number), of the 
genus to which belongs the common English frog. The distinctive characters 

of these frogs are to be found in the horizontal pupil of the eye; the more or 
less deeply notched and free tongue ; the presence of teeth on the vomerine bones 
of the palate ;• the absence of webs in the toes of the fore-feet, and their presence 
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in those of the hind-limb ; and the separation of the outer metatarsal bones of the 
liind-foot by a web, tlie extremities of the fingers being simple or expanded. 

With tlie exception of ,the southern part of South America (wht^xj the whole 
family is unrepresented), Australia, and N(jw Zealand, these frogs have a worldwide ' 
<listribution. Although the greater majority of the species arc probably aquatic 
during the breeding-s(‘ason, at other times great diversity of habit is displayed by 
the different repT*(‘sentatives of the genus, some being aejuatic, others^ t(‘rrestrial, 
and otliers, again, burrowing, or evtm more or less arboreal. The existence of 
burrowing habits is indicated by the great development of a tubercle on the inner 
side of the nuitatarsus, wliich in one Indian species (Rana hreviceps) has a sharp 
edge, and is used in a shovel-like manner to excavate the burrow. Such burrow- 
ing species are further characterisi^d by the shortiuiss of the hind-limbs, and thus 
assume a iiKjre or less toad-like appearance. Large discs at the ends of the toes 
usually, on the other hand, are indicative of arboreal halats ; although, as already 
said, smaller discs ar(i nud with in c(‘]*tain purely aquatic species. 

Selecting some of the European ixqjresentatives of the genus for 
special nnaition, we may first notice the edible frog (R. 
characterised by the pointed tips of the toes, the smooth under surface of tlui body, 
the presence of a broad glandular fold along the si(l(‘s, and the marbling of the 
thighs. Exceedingly variable in coloration, this frog generally lias the uppcjr-parts 
olive or bronzy brown, more or less spotted or marbled with dark brown oi* black ; 
there arc generally three light stripes along the back, wliile the sides of the liead 
and ground-colour of the Hanks arc sometimes gre(‘n ; the marlding on the thighs 
occupying their hinder surfaces, and being black in colour. The males are specially 
charaebnised by the presence of a globular sac, connected with the production of 
the croaking, on each side of the head, opening by a slit b(‘hind the angle of the 
mouth. Inhabiting Europe, Asia as hn* west as Japan, and North- W(*stern Africa, 
the (nlible frog is common in England, tlie dark I'ace occurring in the fens of 
Cambridgeshii’e, and tlie ga-ecui variety in Norfolk. 1116 use of the flesh as food 
probably led to the introduction of this species into Cambridgeshire by tlui monks; 
while the Norfolk colony was imported between 1837 and 1842. * From this species 
the common English frog {R. temporia) is readily distinguished liy the incomplete 
webbing of the hind-feet, and the presence of a dark temporal spot extending from 
the eye to the shoulder, as well as by the absence of external vocal sacs in the 
males. Moreover, if tlie skulls of these two species be compared, it will be found 
that while in the edible frog the teeth on the vomers do not extend behind tlie 
line of the apertures of the posterior nostrils, tliey do so to a small extent in the 
present species. In colour the upper-parts of the common frog are greyish or 
yellowish brown, more or less spotted witli dark brown or black ; the temporal 
spot being always dark, and a light line lainning from below the eye to its 
extremity ; while the sides of the body are profusely spotted, *the limbs trans- 
versely barred, and a larger or smaller number of spots are present on the under- 
I)arts. This species is spread over Europe and Nortliem and Tcn\perato Asia 
Closely allied is the moor-frog (R. arvedis), of Eastern Europe a*iid Western 
Asia, represented in the illustration on p. 264, which may be distinguished by the 
tubercle on the inner metatarsal being compressed instead of blunt, and by the 
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pointed, in place of obtuse, muzzle. Tlie coloration is very similar to that of the 
common species, but there is sometimos (as in the l i^ht-hand li^uro of the illustra- 
tion), a liglrt stripe bordered by two black ones down the middle of the back, wliilc 
tlie under-parts are uniform. A third European species is the agile frog {11, 
which belongs to a group distinguished by the greater length of tlie hind- 
limbs ; the whole form being slender, and the muzzle pointed. Its general colour is 
greyish brown, with dark spots ; tlie temjwal spot btdiig dark and distinct, with a 
light line running from its extremity to the snout, while the hind-limbs are 
regularly barred, and the under-parts unspotted. Two other European species, the 
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one (R. iberica) from Spain ami Poi-tufjal, and the other (R. laiastei) from the 
neighbourhood of Milan, dilfer by the spotted lowei- surface of the bexly. Even the 
twlpoles of the whole of these more or less nearly allied species present differences 
which they can bo distinguished from one another. 

The common frog, whose habits may be taken as typical of the allied members 
of the genus, is. found in most parts of Europe, where there is a sufficiency of 
moisture and shelter for its existence ; the presence of water being essential during 
the breeding-season. All are probably familiar with the manner in which a frog 
swallows ajr ; but it is perlia])s less generally knovrn that if the mouth of one of 
these creatures bo kept forcibly open, death must inevitably ensue, owing to the 
impossibility of breathing while in this state. The croaking of the frog is 
principally uttered during the breeding-season ; and when large numbers of these 
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Amphibians are collectc^d in a pond togctlior, the volume of sound produced is con- 
siderable, anti can be heard from long distances, although it is nothing compared to 
that of th(j l)ull-frog and many tropical species. Frogs subsist entirely on slugs, 
snails, insects, etc., swallowing large beetles whole, and devouring several at a meal. 
The frog captures its prey by suddenly throwing forwards the tip of its tongue, 
which is invested with a viscid secretion, upon the insect or slug, anti then as 
quickly withdrawing it to its normal inverted position. So rapid is the wliole 
movement, that it rt ‘quires a sharp eye to detect it ; the insect seeming to disappear 
as if by magic. “Frogs retiz’o/’ writes Bell, “ on the approach of winter to their 
hibei’tiating retreats, wIku’o they pass the drearj^ season in a state of absolute 
torpidity. This is generally in the mud at tlie bottom of the water, whei^e they 
are not only preserved, though at low degree, but also secured from external 
injury. Here they congregate in multitudes, (unbracing each other so closely as to 
aj)pear almost as one continuous mass. On tlio return of spring the}^ separate fnnn 
each other, (‘uu‘rge from their places of retirement, and recommence their active 
life by exei'cising the important function of reproducing tbeir species.” During 
the breeding-season a warty protuberance is developed on tlie thumb of the male 
to assist in lioLHng the female ; and in some forengn spcjcies the whole fore-arm 
becomes enla)*ged at this time. The spawn is deposited at the bottom of the 
water, but soon rises to the surface in the well-known glairy masses; and in due 
season the tad[)oles make their appearance. During the tadpole? stage frogs are 
d(‘Voured in large numbers by newts and the smaller fishes ; while in the adult 
condition numbers fall a jrrey to the weasel and pole-cat, tin? h(‘i*on and other* 
wading bir'ds and the common snake, whose food is alnuzst entirely composed of 
th(‘m. Although the common frog is to a large extent a({uatic, it is much less so 
than the edible s^jecies, Avliich inhabits indiscriminately running or still waters, the 
boi'ders of rivers, rivulets, or streams, lakes or ponds, salt or fresh mai’shes, or oven 
ditches and pools of water. Owing to the presence of the extcumal sacs, the croak- 
ing of the male is louder than in the common frog. Both spi^.cies, like all the more 
typical repi'esentatives of the genus, progress on land by means of leaps ; while in 
water they swim with the hind-limbs alone. 

BuUFTo 8 Compared to the bull-frog (H, catesbymia), of Eastern North 

America, repi*esented in the figure on p. 250, the European frogs are 
mere dwarfs; but the largest species of all is Guppy's frog (R. (jappyi\iYom 
the Solomon Islands, in which the length of the head and body is upwards of 9 
inches. The bull-frog is one of those species in which the tips of the toes are 
pointed, and it is especially characterised by the web extending to the tip of the 
fourth toe of the hind-foot, the large size of the aperture of the ear, and the 
relative length of the hind-leg; the two latter characters distinguishing it from 
Montezuma’s frog {R. montezuvice), of Mexico. The body has no lateral glandular 
fold ; and the vocal sacs of the males are internal. In colour the bull-frog is brown 
or olive above, with darker marblings ; the under-parts being either uniformly 
coloured, or marbled with brown. In length it measures from 7 to inches, 
exclusive of the legs. More abundant in the southern than in the northern 
portion of its habitat, the bull-frog is generally met with in rivers and streams 
well shaded with trees or bushes, where it may be seen in numbers basking in 
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the midday sun. Its croaking is said to be louder than that of any other species, 
and can be^ heai'd for a distance of several miles. In the Soutliei’ii States of 
• America, although most intense during the spring and suinnu‘ 1 ', tlie croaking 
is continued tlirougliout the year ; but in tlie north it is confiinvl to tlu' spring 
and summer, being especially loud during the bre(Mling-season. It is a remarkable 
fact that in Canada, at least, the bull-frog passes its first winter in the larval 
condition, and takes two y(vir,s to attain its full growth. 


OxyffloBsus, mentioned that the small Indian fiogs Forming tlie 

genus O.ryf/hmHfi differ from the members of tlie jireceding genus by 
the alisence of any notch in the tongue, and the want of vomerine teetli. They 
ai-e specially interesting on account of lieing presented by fossil species in the 
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Eocene rocks of Bombay. Fossil frogs belonging to the typical genus Rana occur 
in the lower Miocene rocks of Europe. 

_ . _ “ One of the most curious and interesting reptiles wliich I met 

Fly ing Frogs, 01 

with in Borneo,” writes Mr. Wallace, “ was a lai'ge tree-frog, which 
was brought me by one of the Chinese workmen. He assured me that In* had seen 
income down, in a slanting direction, from a high tree, as if it flew. On examin- 
ing it, I found the toes very long, and fully webbed to their very extremity, vso 
that when expanded they oftered a surface much larger than that of the body. 
The fore-logs were also bordered by a membrane, and the body was capable of con- 
siderable inflation. The back and limbs were of a very deep shining green colour, 
the under .^urface and inner toes yellow, while the webs were black, rayed with 
yellow. The body was about 4 inches long, while the webs of each hind-foot, when 
fully expanded, covered a surface of 4 square inches, and the webs of all the feet 
together about 12 square inches. As the extremities of the toes have dilated discs 
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for adhesion, showing the creature to be a tree-frog, it is difficult to imagine that 
this immense membrane of the toes can be for the purpose of swimming only, and 
the account of the Clnnaman, that it flew down from the tree, becomes more 
credible.” The species referred to is the Bornean flying frog {Rhacophorus 
2xvrdalis), a member of a large genus, of which another representative ( 72 . raiv- 
ivardii\ is shown in the illustration on p. Of the forty-two species of 

the genus, thirty occur in South and East Asia, and tlie remaining twelve in 
Madagascar. While allied inmost respects to the water- f rogs, tlu‘y all difler by the 

pres(ince of a small ad- 
ditional bone between 
the terminal and penul- 
timate joints of the toes, 
and likewise by the 
penultimate joints being 
distinctly marked exter- 
nally as a kind of ridge; 
while they are further 
mostly characterised by 
the wc'bbing of the toes 
of th(^ f(.)r(5-fei^t, although 
the degree to which this 
is carried is variable. 
The tips of the toes are 
always expanded into 
round discs, and very 
generally tlu‘ir terminal 
joints are fork(‘.d. The 
males are prr)vided with 
one or two intenuil vocal 
sacs. > In habits these 
frogs are strictly 
arboreal ; their bright 
green coloration har- 
monising with the 
leaves among which 
they dwell. The larvae are remarkable for the possession of an adh(\sive disc 
behind the mouth on the under surface ; while the muzzle is prolonged into a 
proboscis, and the single breathing-pore is situated on the right side of the body, 
nearer to the tail than to the muzzle. Writing of the habits of one of the 
Cingalese members of the genus (formerly separated as FolyjA^dates), in which 
the front toes arc only half- webbed, Emerson Tennent observes that it “ possesses 
in a high degree, the faculty of changing its hues ; one as green as a leaf to-day 
will be found grey and spotted like the back to-morrow. One of these beautiful 
little creatures, which had seated itself on the gilt pillar of a lamp on my dinner- 
table, became in a few minutes scarcely distinguishable in colour from the ormolu 
oimament to which it cluno*.” 
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The Solid-Chested Tree-Frogs. 

Family Dendrobatid.E 

As wc have already seen to be tlie case with the snakes, two totally distinct 
families of frogs liave taken to an arboreal life, and have thus become so like one 
another that we have to depend on anatomical differences for tlieir distinction. 
Tn the present family, while the structures of tlie bones of tlie chest is of the same 
solid structure as obtains in the typical frogs, and the extivmitit's of the transverse 
processes of the sacral vertebra are not expanded, an important difference preseijts 
itself in the absence of teeth in the upper jaw and on the palate. The toes of both 
feet are (juito free from webs, and have their tips exjjanded into rounded discs. 
These frogs are represented by two genera, one of which {ilo/nlclla) is confined to 
Madagascar, and is distinguished by the tip of the tongue b(‘ing notched ; while in 
Dendrohafes of Tropical America the tongue is caitiro. The American giuius is 
represcnt(Ml by S(iV(ui species, among w'liich the varialdo tree-frog {Dendrohates 
tineforids) is selected for illustration. This pretty little frog, which measures 
barely an inch and a half in length, is widely distribut(‘d in Tropical Ameiica, and 
is remarkable for its variability in colour; some (‘xamphss being uniformly black, 
others grey above and black on the sides and beneatli, and otlu‘rs gi'(y with largo 
black blotches. This, however, is by no means the limit of variation, since some 
examples are black above, with two or three longitudinal white or pink stripes, the 
under-parts being grey with black spots ; while in other cases, the ground-colour is 
black, with white spots and streaks above, and spots or marblings of the same 
beneath. Fi’om the small size of the discs on its feet, which do not admit of its 
clinging to upright stems, this frog seems to be less arboreal than some of its 
allies: and it is generally found among fallen leaves on the ground in forests. 
Like its kindred, it displays remarkable care and attention to its young. The 
secretion from its skin is employed by the Indians as an arrow-poison. 


The Narrow-Mouthed Frogs. 

Family ERGYSTChMATW.E. 

An important family of the suborder is that of the naia-ow-mouthed frogs, 
i^prcsented by more than a score of genera, distributed over Africa, Madagascar, 
India and tlie adjacent countries, 8outhern (/hina, Papua, and America. While 
agreeing with the members of the preceding family in the absence of teeth in the 
iippcr jaw, these frogs are distinguished by the broad expansion of tlu^ extremities 
of the transverse processes of the sacral vertebra. The vertebrje are similar in 
conformation to those of the typical frogs, and there is the same absence of ribs. 
There is, howev(‘r, considerable variation in regard to the bones of the chest, 
several of the genera lacking the transverse bars commonly known as precoracoids; 
and the terminal joints of the toes may be either simple or T-shaped. Although 
there arc no arboreal forms, the family comprises terrestrial, aquatic, and burrowing 
representatives ; the last having either the front or hind-limbs specially strength- 
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oned and furnished with horny slieaths. In some of the genera, and especially the 
one of Avhich a reprcisenttitive is here figured, the mouth is extremely narrow ; 
and althougli it is convenient to take this character as the basis of the name of the 
family, it must not be considered that it is applicable to all its members. These 
narrow-mouthed forms feed exclusively or mainly on ants and termites, and thus 
exhibit a modification of structure approximating to that characteristic of ant- 
eating mammals. More than half the members of the family are nocturnal, and 
may be recognisinl by the vertical pupil of the eye. 

Short-Headed The exceeding plumpness of the body serves not only to dis- 
Frogs. tinguish the short-headed frogs (Brevie(^))i^) from all their allies, but 
also makes them some of the most peculiar of their class. Indeed, when the body 
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is putted out to its fullest extent, they more resemble indiarubber balls than frogs. 
The genus belongs to a group in which the so-called precoracoid bones are present 
and the metacoracoids much dilated ; and they are sj^ccially distinguished by the 
horizontal j)ortion of the pupil and the absence of teeth on the palate. Three 
species are known, all of which are African, the one hei^e figured (B. momimMcus) 
inhabiting the eastern districts. Generally having a perfectly smooth skin, this 
frog is of a brown or blackish hue on the upper-parts, with a dark oblique streak 
below the eye. The narrow mouth and long tongue of this curious fi*og indicate 
that its food consists of white ants. 

Darwin’a FTog. ^ (Rhinoder^na darwini) belonging to the present family, 
and inhabiting Chili, alone represents a genus remarkable for the 
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throat-sac of the males being enlarged and modified so as to form an extensive 
chamber on the nnder surface of the body in which the eggs and tadpoles undergo 
their development. This chamber is entered by two apertures situated on the 
floor of the mouth on each side of the tongue ; and when the eggs, generally from 
eleven to fifteen in number, are laid by the female, they are taken and swallowed 
by her consort, who passes them into his pouch. When the tadpoles are sufficiently 
developed, they enter the world by escaping through the parental mouth. It 
appears that at no stage of their existence do the tadpoles possess external gills. 


The Sharp-Nosed Frog. 

Family Oeratobatuachidas, 

Omitting detailed mention of the small and unimportant family of the 
DificophL<l<i\ cliaracterised by the presence of teeth in the upper jaw, and the 
expansion of the extremities of the transverse processes of the sacral vertebra, our 
last representatives of the first suborder is the sharp-nosed frog (Ceratobatrachus 
[jf (lent her 1), of the Solomon Islands, which constitutes a family by itself. The 
essential characteristics of the family are the presence of teeth in both the upper 
and lower jaws (a feature found elsewhere only in two families of the next 
suborder), coupled with the absemee of expansion of the extremities of the sacral 
vertebne. This frog has a very large triangular head, ornamented with prominent 
ridges, and terminating in front in a pointed flap of skin ; similar flaps occupying 
th(3 eyelids, and the mouth having an enormous capacity. In th(3 eye the pupil is 
horizontal ; and teeth are present on the vomers. The hind-limbs are rather short : 
and all the to(‘s have simple terminations, and are dcivoid of webs. In colour this 
curious frog is very variable. Although very little is known as to its habits, it 
appears to be abundant in the Solomon Islands ; and it is rc^markable for laying 
very large eggs, from which the young emerge nearly fully-developed. 

• 

The Southern Frogs. 

Family Leftodagtylidas, 

In the greater part of South America and, the whole of Australia the typical 
^rogs are replaced by a family which, for want of a better name, we may call the 
southern frogs. These, together with seven other families, differ essentially from 
the forms hitherto considered, in regard to the conformation of the bones of the 
chest, and thus collectively constitute a second suborder, known as the Arcifera. 
It will be remembered that in the preceding suborder the two metacoracoid bones 
are connected together by a single cartilage joining their free edges ; in the present 
group each metacoracoid terminates in a large cartilage, in such a manner that one 
cartilage overlaps its fellow of the opposite side. The southern frogs resemble the 
typical frogs in having the upper jaw alone toothed, and in the transverse processes 
of the sacral vertebra being cylindrical or but slightly expanded, while they also 
agfeo in, the characters of the vertebrse and the absence of ribs. It is thus evident 
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that the two groups form parallel or representative series ; but it must always bo 
remembered that it is only an assumption that the conformation of the bones of the 
chest is the character of primary import ; and that it is quite possible that there 
may have been parallelism in this case also, in which event the present family 
would have to bo placed next the true frogs. The present family is confined to the 
countries mentioned above, and is represented by twenty-five genera and some one 
hundred and eighty species. While most of the American forms have the pupil of 
the eye vertical, this condition occurs but rarely in those from Australia. 
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Among the best known representatives of the family are the 
horned frogs, or horned toads. {Ceratophryfi), remarkable alike for 
their large size and brilliant coloration, as well as for the enormohs dimensions of 
their mouths and their fierce and carnivorous habits. Represented by about half 
a score of species fi'om Tropical and South America, they belong to a group charac- 
terised by the more or less marked union of the outer metatarsals, the absence of a 
bony style to the breast-bone, and the webbing of the hind-toes ; while, as a genus, 
they are distinguished by the horizontal position of the pupil and the notching of 
the tongue. The webbing of the toes varies in extent in the different species, but 
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there is never any expansion of these extremities. The outer metatarsals are 
completely ^united, and the skull is remarkable for the extent to which ossifica- 
tion is carried out. In some species, such as the Brazilian horned frog ((-. hoiei\ 
the upper ej^elid is produced into a horn-like appendage; but in others, like the 
Argentine horned frog ((7. ornafa), this is little developed and scarcely noticeable. 

The largest representative of the genus is the above-mentioned Brazilian 
horned frog, which attains as much as 8 inches in length, and is one of the most 
handsomely ornamented of the genus. The smaller Argentine species represented 
in our illustration differs from it by the upper eyelid being only slightly 
pointed and triangular, as well as by the presence of a bony shield on the back. 
The skin is covered with tubercles above and granules below ; the general colour of 
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the upper-parts being yellowish or greenish, with large olive spots surrounded by 
light-coloured or golden margins, while there arc sometimes wine-red lines between 
the spots. These frogs, or escuerzos, as they are locally called, are abundant in 
m&ny parts of Argentina, and in damp weather may be met with crawling about 
among the grass in numbers, after the manner of toads. They arc exceedingly bold 
and ferocious, liytng fiercely at anyone who attacks them, and maintaining their 
hold with the tenacity of a bull-dog, at the same time uttering a kind of barking 
cry. On other occasions they give vent to a peculiarly deep bell-like note. When 
in repose, escuerzos arc in the habit of burying themselves in the soil with only the 
top of the back exposed, in which state they are almost invisible. In this position 
they lie in wait for their prey, which includes other frogs, birds, and small mammals ; 
and ’at times they capture and attempt to swallow objects too large for their capacity. 
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Another American genus, containing a very large number of 
species, is that of the leaf-frogs {Hylodes), which deserves mention 
on account of the peculiar reproduction of one of its representatives, the so-called 
Antillian frog {H. mart inicen sis). These frogs differ from the group to which the 
last genus belongs by the absence of a bony style to the breast-bone, and the 
unwebbed hind-toes; while they are further characterised by the expansion of the 
tips of the toes into smooth discs, the horizontal pupil of tlie eye, and the presence 
of teeth on the vomer. The Antillian frog, or, as it is locally termed, coqui, is an 
inhabitant of several of the West Indian Islands, and may be recognised by its 
warty under surface ; the general colour of the upper-parts being grey or brownish, 
with indistinct darker marking on the head and back, and crossbars on the hind- 
legs ; while there is a large dark mark on the temporal region, and another neai’ 
the muzzle. The remarkable fact connected with the reproduction of this species 
is that such transformations as are undergone by the larvae take place within the 
large eggs ; the creatures emerging from which undergo no further alteration, with 
the exception of the absorption of the remnant of the tail. In this respect the 
coqui resembles the sharp-nosed frog of the Solomon Islands. 

Piping Frogs typical representatives of the family, brief mention must 

be made of the piping frogs (Lfqdodartylus) of Central and South 
America, which differ from the preceding genera in having a dagger-like bony 
style to the breast-bone ; aii<l having the pupil of the eye horizontal, and the teeth 
on the vomers placed behind the apertures of the inner nostrils. Externally, these 
frogs closely resemble the o'dinary European water-frogs, with the exception tliat 
the hind-toes are not webbed. In the males the humerus is expanded into a large 
flange-like plate ; and in the breeding-season the whole fore-limb is much swollen 
for the purpose of firmly holding the female. These frogs derive their names 
from their loud pipe-like croaking, which varies in tone and intensity according 
to the species. Some arc notewoi'thy from their habit of digging a hoh^ in the 
ground near water, and lining it with a layer of scum, upon which the eggs are 
deposited, and left to hatch. The nests seem, however, always to be so placed 
that at a certain season they will be flooded by the rise of the neighbouring water. 
When first hatched, the tadpole is not unlike that of the frog, although with a 
relatively smaller tail ; and when the nest becomes flooded the mode of life of its 
occupants is similar to that of the ordinary frog-larva). 

The Toads. 

Family BUFONIDAJ. 

Passing over the unimportant family of the Dendrophryniscidee^ including 
only two small South American genera, our next representatives of the 
suborder are the true toads, which constitute a family distinguished by the 
absence of teeth in both jaws, and the expansion of the extremities of the 
transverse processes of the sacral vertebra. The vertebrse resemble those of 
the typical frogs, and there is the same absence of ribs as in the latter. The 
terminal joints of the toes are either blunt, or T-shaped ; and in only two out of 
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the eight genera is the pupil of the eye vertical. Two of the genera approximate 
in character to the preceding family. Tlie toads have an almost cosmopolitan 
distribution, and while the more typical forms are cliaracteriscd by their terresti’ial 
habits, rough skin, and creeping gait, so unlike that of the frogs, others are burrow- 
ing, and others, again (JTectes), thoroughly aquatic. Moreover, tlie disc-footed toads 
{Nectopltryne) of Western Africa and the Oriental region, in whicli the toes terminate 
in disc-like pads, appear to be arboreal ; while the one Mexican representative of 
another genus {Rh inopliryniis) is <listinguished by its ant-eating habits. 

True Toads common toad (Jhifo vulgaris) is the typical representative 

of a large genus, with some eighty-five species, ranging over the 
whole world, witli the exception of Madagascar, Australia, New Guinea, and the 
islands of the Pacific. As a genus, the true toads ai'c distinguished by the entire 
tongue, the hoi’izontal pupil of the eye, the freedom of the toes of the foi'c-foot, and 
the partial webbing of those of the hind-limbs, as well as by the breast- bone being 
either cartilaginous or with only a partially ossified style. ^J'he degree of webbing 
of the hind -toes varies ; and while the tips of the toes are generally simple, they 
are sometimes expanded into small discs. The head imiy or may not have bony 
ridges. The common toad belongs to a group characterised by the absence of these 
ridges, and by the hind-toes being at least half- webbed; while it is specially distin- 
guished by the absence of a fold on the ankle, and by the tubercles beneatli the 
joints of the hind-toes being mostly double. On the upper-parts are more or less 
prominent warts, which, although fre(piently spiny, are not distinctly porous ; and 
the glands bt?hind the eyes are remarkably prominent, and of an elongated elliptical 
form. In colour, the upper-parts are brownish, with darker spots or marblings ; 
while the lower surface is whitish, more or less thickly spotted with black. A black 
line runs on the outer side of the gland behind the eye ; this line, in specimens from 
China and Japan, extending along the upper side of the flanks. The distributional 
area of the species includes Europe, Asia (exclusive of India and adjacent regions), 
and North-Western Africa. Few animals liave suffered more from popular supersti- 
tion than the common toad, which, although practically harmless, has been almost 
universally shunned and detested. It is, however, true that the secretion from its 
"skin is acrid and irritating, as may be seen by the foaming lips of dogs which 
attempt to med<lle with these amphibians. Sluggish and terrestrial in its habits, 
the toad needs not the long and fully-webbed hind-limbs of its active cousin, the 
frog; its usual pace being a kind of crawl, although, when disturbed, it can execute 
^n imperfect leap. When alarmed, or threatened with danger, a toad immediately 
stops and puffs out its body to its utmost capacity, at the same time causing the 
acrid secretion to exude from the poj’es of its skin, and likewise discharging a pure 
limpid fluid from a special reservoir. Of its general habits. Bell writes that the toad 
“ becomes torpid* during the winter, and chooses for its retreat some retired and 
sheltered hole, a hollow tree, or a space amongst large stones, or some such place, 
and there remains until the return of spring calls it again into a state of life and 
activity. Its food consists of insects and worms of almost every kind. It refuses 
food which is not living, and, indeed, will only take it at the moment when it is in 
motion. When about to feed, the toad remains motionless, with its eyes turned 
directly upon the object, and the head a little inclined towards it, and in this attitude 



278 


FROGS AND 7VADS. 


it remains until the insect moves ; when, by a stroke like lightning, the tongue is 
thrown forward upon the victim, which is instantly drawn into the mouth. . . 
When the prey is taken, it is slightly pressed by the margins of the jaws ; but as 
this seldom kills it, unless it be a soft tender larva, it is generally swallowed alive. 
Toads will also take earth-worms of considerable size ; and it is a curious sight to 
watch the manner in which the powerful and writhing worm is secured. If the 
toad happen to take it by the middle, the extremities of the worm are twined with 
great force and activity around the muzzle of its captor in every direction, in its 
attempts to escape ; but the toad pushes one portion after another into its mouth, 
by means of the fore-feet, until it all disappears, when it is swallowed whole.*' 
The eggs of the toad differ from those of the frog in that, instead of forming an 
irregular mass with their enclosing jelly, tliey are arranged in a regular, double, 
and alternating series in the form of a string, which may be a yard or more in 
length. These strings are generally deposited in the water about a fortnight later 
than the spawn of the frog ; and it is not till autumn that the young toads com- 
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plete their metamorphosis, and forsake the water. From that of the frog, the 
tadpole of the toad is distinguished by its smaller size and blacker colour. 

Green Toad. green toad (Bvfo viridis) of Europe, Asia, and Northern 

Africa, is a far handsomer species, distinguished by the presence of a 
fold on the ankle, and likewise by the simple structure of the tubercles on the lower 
surface of the toes of the hind-foot. There is likewise a vocal sac beneath the throat 
of the male, which is wanting in the common toad. The upper-parts carry a number 
of irregular, flattened, and jjorous warts ; and the glands bdiind the eyes, although 
sometimes enormously developed, are generally of moderate size and more or less 
kidney-shaped. The colour is olive or greenish above, generally spotted or 


marbled with a darker shade, although occasionally nearly uniform ; while the 
under-parts are either uniformly whitish, or whitish with dark spots. 

Natterjack A third European species, which, unlike the last, is locally 

Toad. represented in England, is the natterjack toad (B, calamita), 
easily recognised by the yellow or whitish line running down the middle of the 
back. From both the preceding it is distinguished by the much smaller extent of 
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the webbing of the hind-toes ; while there is a fold on the ankle, and the tubercles 
on the joints of the lower surface of the hind-toes are to a large extent double. 
The hind-limb is unusually short ; the flattened warts on the back are distinctly 
porous; the glands behind the eyes are small, depressed, and cither oval or 
triangular; and there is an additional gland on the leg. The general colour of 
the upper-parts is light olive, with darker marblings or spots, the above-mentioned 
light line being generally present; while the light under-parts are more or less 
spotted with black. In its movements the natterjack is less sluggish than the 
common toad, its pace being often quickened to a kind of run, during which the 
body is raised considerably above the ground. It is likewise less intolerant of 
drought, being frequently found in hot, sunny situations, and only resorting to the 
neighbourhood of water during the breeding-season. 

Sharp-Nosed The Mexican sharp-nosed toad (Rhino2)hry7ius dormliH), already 

Toad. referred to as subsisting on white ants, is the only other member of 
the family that wo have space to mention, and is generically distinguished by the 
long and narrow tongue being free in front, by the vertical pupil of the eye, and by 
the rudiTuentary breast-bone. The front-toes are free, and those of the hind-limb 
webbed, with simple tips ; while the general form of the body is extiHanely stout ; 
the liead small, with a long, truncat(jd muzzle and narrow mouth ; the eyes being 
small, and the limbs remarkably short. In colour this toad is olive-brown or 
bluish grey above, freciuently with yellowish spots on the flanks and middle of 
the back, those on the back sometimes uniting to form a line. 


The OvEHLAPPiNG-CiiESTED Tree-Frogs. 


Family Hylidje. 


The numerous, mostly arboreal, fi*ogs thus designated form a family compris- 
ing some ten genera, very abundant in Australia and America, and more sparingly 
represented in Eurojie, Asia north of th(j Himalaya (one species ranging into North- 


Eastern India and Burma), and 
Northern Africa. * While resem- 
bling the toads in the expansion 
of the processes of the sacral 
vertebra, they differ by the pre- 
sence of teeth in the upper jaw, 
and they ai’c peculiar in the claw- 
iike form of the terminal joints 
of the toes. The vertebrae are 
cupped in front, and sph('rical 
behind, and there arc no ribs. 

QraBshopper- The grass- 

hopper- frog {Act is 
gryllus)oi North America is the 
sole representative of a genus 
characterised by the horizontal 
j)u;^il of the oye, the webbing of 
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the hind-toes, of which the tips arc but little expanded, and the slight expansion 
of the processes of the sacral vertebra. In form this little frog is slender, with a 
narrow head and rather sharp muzzle ; while the skin of the upper-parts is either 
smooth or slightly tuberculated, and that of the under-parts granulated. The 
mottled and striped coloration is very variable, the ground-tint ranging from 
reddish brown to green ; but there is generally a large, triangular, dark brown 
spot between the eyes, and sometimes a light stripe down the back. Locally very 
abundant in Eastern and Central North America, the grasshopper-frog derives its 
name from its piercing, strident cry, which resembles the noise of its insect name- 
sake. It frequents stagnant waters, and is fond of rc^sting on the leaves of 
aquatic plants. Unlike most of its allies, it lurks among plants, and seldom, if 
ever, ascends bushes or trees. 

Typical Tree- Closely allied to the last are the numerous specit\s of typical 

Frogs. tree-frogs {Ilyla), which are by far the most beautiful representatives 
of the entire order, and are best known by the common European species. In this 
genus the pupil of the eye is horizontal, the toes of both limbs dilated into discs, 
and those of the hind-foot more or less extensively webbed, the tongue either 
adherent or more or less free behind, and the expansion of the transverse pro- 
cesses of the sacral vertebra more or less strongly marked. As in tlie last genus, 
there are teeth on the vomers. Represented by about one hundred and fifty 
species, this genus has a distribution coextensive with that of the family ; the sole 
Indian member of the latttjr being included. The under surface of their bodies is 
very different to that of the terrestrial species ; for the skin, instead of being 
smooth, is covered with granular glands, pierced by nunjerous pores, through 
which the dew or rain, spread on the surface of the ]eav(\s, is rapidly absorbed 
into the system, and reserved to supply the moisture necessai'y for cutaneous 
respiration. Except during the breeding-season, when the gnaitei* number of them 
seek the water, or when they retire before the cold of winter or drought of summer 
under mud, beneath stones, the bark of trees, or in otlnu' safe spots, these frogs spend 
their lives among the leaves of trees, where they find alike their dwelling-places 
and their hunting-grounds. As in the case of the flying frogs, their colour har- 
monises exactly with their natural surroundings, and changes even more rapidly 
than that of the chammleons. So exactly indeed do they rescanble the foliage 
among which they hide, that it is often difficult to tell frogs from leaves ; and it 
has been noticed that where there is the greatest variety and brilliancy of colour 
among the forest trees, the tree-frogs attain their most brilliant and varied tints. 

The European tree-frog {H. arhorea), which is one of three specic^s inhabiting 
the Old World proper, has a wide geographical distribution, inhabiting the greater 
part of Europe, Asia north of the Himalaya as far east as Japan, and North Africa. 
With the exception of the higher mountain ranges and the extrepie north, as well 
as Norway and Britain, it is spread over the whole of Europe, although varying 
locally to a considerable degree in coloration and habits. The males are furnished 
with a large external vocal sac on the throat, and the skin is smooth above and 
granulated beneath. The general coloration may be described as greenish above, 
and uniform whitish beneath, but there are many variations in regard to the 
markings on the upper-parts ; the typical form having a greyish or black light- 
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edged streak extending from the nostril througli the eye and car along each side 
of the body, and sending a branch upwards and forwards on the loin, while a 
whitish line descends from tlm uj^per lip to the shouldei’, and then runs upwards to 
the eye, thus enclosing an elongated green area. In habits this fix)g is most active ; 
and while in swimming it is lu^arly equal to the common frog, in leaping it is its 
superior, in addition to winch it is a most expert climber. Wlien croaking, tlie 
sac on the throat oi. the males becomes so inflated as to make this appendage 
nearly as large as the body. Like toads, tree-frogs do not appear to touch the 
insects on which they prey until these begin to move. Flies, spiders, beetles, 
butterflies, and smooth caterpillars appear to form their favourite food ; although 


they have been known to attack and kill liumble-bees. The European species is 
of very small size, but some oi the American and Australian species attain compara- 
tively large dimensions, one of the largest members of the genus being H. faher, 
of Brazil, wdiich imiasures as much as ^ inches in length. 

Nesting-HabitB interesting account of the breeding-liabits of the frog last 

mentioiuMl, which in Brazil is known as the ferreiro, or smith, is given 
by Dr. Goeldi, whose 
observations ^ wm*^ 

de*' Janeiro. '^This frog ' ' ^ 
makes regular pools of a 

shallow borders of ponds v {'C '' ^ 

and swamps, such pools 

a narrow mud-wall. In .H '.' •' 

1 ^94 one pond^^cemta^ ^ 

“ betw-een nine and eleven* ^ ^ European TREE-r^ml (nat. s^e).~ 

o’clock, we approached 

the pond, occupied, as we could hear from a distance, by at least a dozen of the 
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the pond, occupied, as we could hear from a distance, by at least a dozen of the 
•large tree-frogs. The moon was shining brightly, and much favoured our 
, /undertaking, Imt even under these circumstances we had to accustom our sight 
/ to discern the details in the marginal vegetation, and the portion somewhat 


hidden in the shadow. By and by we discovered the ferreiros, some at work, 
others drumming together on the walls of some pool, or in the middle of the 
pond, sitting upon some floating object, such as water-plants. The vocalists, of 
which we could distinguish the moderately inflated gular sacs, were all males.” 
After stating that he was posted on a side of the pond where five nests were 
already situated. Dr. Goeldi observes that he and his companion were fortunate 
enpugh to see the rising of a new nest. In a certain spot he writes that “ we 
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first saw some slight movement in the water, produced by something stirring* 
below the surface. We then soon sixw a mass of mud rising to tlie surface, carried 
by a tree-frog, of which no more than the two hands emerged. Diving again, after 
a moment’s time, the frog brought up a second mass of mud, near the first. This 
was repeated many times, the result being the gradual erection of a circular wall. 
From time to time the head and front part of the body of the builder appeared 
suddenly with a load of mud at some point; but what astonished us in the highest- 
degree was the manner in which the frog used its hands for smoothing the mud- 
wall, as would a mason with his trowel. And by examining the liands of this, 
hyla, it will readily be understood how they are most serviceable trowels, their 
terminal joints bearing large expansions. This careful process of smoothing could 
be better observed as the wall gradually heightened, until it reached about four 
inches, when the frog was compelled to come out of the water. The parapet of 
the wall receives the most careful smoothening, the outside being neglected, and 
the levelling of the bottom attained by the action of the lower surface of the 
creature’s body, aided by the hands. The aspect of the pool may be compared to 
the crater of a volcano, or a vessel of a foot in diameter filled with water. Although 
the female undertakes the entire task of building, she is incommoded the whole 
time by the male sitting on her back. Should he be frightened from his post, he 
will soon emerge fi'om the water at a distance of a f(iw foot, when, if signs of 
danger be wanting, he will climb the walls of the nest and regain his original seat.” 

Another Jirazilian tree-frog of the same genus (//. (f odd it) breeds in the 
water contained in the central cup of cen’tain trees belonging to the Jiroweliacece. 
Dr. Goeldi states that the first specimen found was a female, carrying on her 
back a large globular mass of whitish eggs. When put in a vivarium, “ for a. 
few days the egg-mass remained attached to the mother’s back. T3ut sud<lonly 
it fell away, and simultaneously 1 saw in the glass some small, nearly black 
coloured frogs, all provided with the anterior and posterior legs, together with 
a larval tail of medium or rather small size.” 

Yet another tree-frog from Brazil {H. nebulosa) has acquired the remarkable 
habit of depositing its eggs in the sheaths of old and decaying leaves of bananas. 
The writer from whom we have been quoting states that this frog “ glues its lumps 
of eggs on the edges and on the inside of banana leaves, where, even during the 
hot hours of the day, sufficient coolness and moisture are preserved. These lumps 
are enclosed in a frothy, whitish substance, comparable to the scum formed by 
certain Cicaduhv. Sometimes the taiknl larvm are seen struggling in this frothy 
mass. If put into fresh water, all will die in a few hours.” « 

Pouched Tree- On account of the peculiarity of their reproduction, mention 

^0^- must be made of the curious pouched tree-frogs (Nototrema), dis- 
tinguished from the typical genus by the presence of a backwardly -opening pouch 
at the hinder-end of the back in the females. These frogs are represented by some- 
half-dozen species, mainly confined to Central and Western Tropical America,, 
although one of their number is found on the eastern side of that continent at- 
Pernambuco. The pouch of the female is extended beneath the skin of the back 
and sides to form a very large chamber, in wliich the eggs and tadpoles undergo- 
the whole of their transformations. The eggs, generally fifteen or sixteen in 
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number, appear to be placed in the pouch by the male, who employs his hind-feet 
for the purpose ; and they arc remarkable for the large relative size of the yolk. 
The tadpoles, when first hatched, are peculiar in having a bell-shaped structure for 
the protection of their two pairs of external gills. 

• The Toad-Frogs. 

Family PelojUTIDJE, 

The fifth family of the order belonging to the section with overlapping 
cartilages to the inetacoracoids comprises eight genera, which may be collectively 
termiid toad-frogs, since they come neith(;r umler the designation of toads or frogs. 
Agreeing witli th(^. tree-frogs in the presence of teeth in the upper jaw, they may 
be distinguisluid by the much greater expansion of the processes of the sacral 
vertebra, ribs being absent, and the tt^rminal joints of the toes simple. In all 
the forms the ])upil of the eye is vertical ; and whereas the majority of the genera 
agr(3e with the preceding groups in having the articular cup at the front and the 
ball behind, in a few this ari’angement is reversed. The family is distributed 
ov(‘r Europe, the Oriental region, North America, and Now Guinea; the various 
genera having a more or less rc'stricted geographical range. 

Brown Th(3 brown toad-frog (Pelohates fmem) is the typical represeiita- 

Toad-Frog. of a genus containing two Eui’opean species, neither of which are 

found in Britain. They are characterised by the rod at the end of the backbone 
being welded to th(3 sacral vertebra, and by the extensive webbing of the hind-toes ; 
the presence of a bony styhi to the breast-bone, couphid with the want of an 
extenially visible ear-menibraTie, serving to distinguish them from an allit»d North 
American genus {ScapkiojniH). The brown toad-frog is a rather large species, 
usually measuring from to 3 inches in length, and liaving a smooth brown skin, 
marbled on the upper-parts with darker markings ; a spur which is present on the 
metatarsus living yellowish brown. The males have no vocal sac, but are furnished 
with a large elliptical gland on the upper surface of the fore-bmb. This species 
.is decidedly local, and in some districts is replaciid by the allied P. calf/ripcs, easily 
distinguished by the black spur on the metatarsus. Spending only a few days 
during the breeding-season in the water, it is essentially a land animal, generally 
frecpienting spots with a sandy s(ul. Hero, with the aid of its metatarsal spur, 
it rapidly excavates hollows in the ground, throwing out the earth backwards, 
hnd soon partially concealing itself. An aperture is, however, always left to the 
excavation, and should the rays of the morning sun reach its occupant, the burrow 
is quickly deepened. In its movements the toad-frog is morti active than the 
toads, approaching in this respect the frogs, as it takes considerable leaps, swims 
strongly, and burrows with rapidity. The breeding-season takes place in April, 
during which time the males utter a loud croaking, accompanied in a lower tone 
by the females. The eggs are laid in strings of about a couple of feet in length ; 
and are taken from time to time by the male and carefully deposited round 
i’eeds, grass, or other plants growing near the edge of the water. In from five to 
six^ days the small black tadpoles are hatched out; and in the course of four 
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months these have completed tlieir development and leave the water. When an 
adult toad-frog is suddenly seized or pinch(*d, it utters a cry like the mewing of a 
kitten, at the same time emitting a pungent vapour with a strong odour of garlic, 
botli these being apparently intended as a means of defence, 
other Genera remaining genera, Fehxlyieff, as represented by the 

punctured toad -frog (P. iitincixiiiis) of Western Europe, and the 
Papuan Bairacltojms, differ from the precc<Hng in that the sacral vertebra 
has two condyles for articulation with the rod forming the termination of the back- 
bone, tlie ]iind-to(^s being slightly webbed. In the Oriental genus Leptohrachiiirif},^ 
there is but a single condyle for the articulation of the rod-like bone. 

AUied In the Miocene rocks of Europe there occur remains of numerous 

Extinct Frogs, frogs which are assigned to an extinct genus, Falaiohatrachus, regarded 
as representing a family (Pala^ohatrarhiikv) connecting the present one with the 
under-mentioned Xenopodida^. In these extinct forms the upper jaw is toothed, 
the transverse proc(3sses of the sacral vertebra liave expaiided extremities ; the 
sacral vertebra articulates with the terminal rod of tlie backbone by means of two 
condyles ; the vertebrae have their articular cup in front ; and thci’c are no ribs. 


The Disc-Tongued Fikkjs. 

Family Dlsa0OL0S^,^llh'K 

Tlie disc-tongued frogs, as the members of tliis group may be calh^l, form a 
small family represented by four genei'a and seven species, inhabiting the northern 
half of the Old World and New Zealand. As a family, these frogs are characterised 
by the presence of teeth in the upper jaw, the exj)ansion of the processes of the 
sacral vertebra, the presence of short rudimentary ribs, and the circumstance that 
in the bodies of the vertebrae the articular cup is placed at the hinder-end, and the 
ball in front. In both the latter respects these frogs resemble the salamanders and 
newts, and they may accordingly bo regarded as some of the least specialised repre- 
sentatives of the order. Their remains occur abundantly in the middle Tertiary 
rocks of Europe. Tlie family derives its name from the disc-like form of the 
tongue, which may bo cither free or adherent. Fi^om all the forms hitherto described, 
the tadpoles, after shedding the external gills, differ in having the breathing-pore 
situated in the middle of the under surface of the body, instead of on the left side. 

Hre-BeUied From the painted frog (D iscoglossus piciws) of Southern Europe 

and North-Western Africa, which alone represents the typical genus 
of the family, the fire -bellied frog (Bomhinator igneiis)^ represented in the 
figure on p. 257, is distinguished by the absence of an external tympanic mem- 
brane to the ear; while it is further characterised by the adherent tongue, the 
triangular form of the pupil of the eye, and the great expansion of the extremities 
of the transverse processes of the sacral vertebra. This frog, which inhabits 
Europe and Asia, although unknown in the British Islands, has the skin very warty 
on the upper-parts, while beneath it is nearly smooth. In colour it is olive above, 
with or without black marblings ; while beneath it is orange or yellow, marbled 
with black. The males are devoid of a vocal sac, but during the breeding-season 
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they develop black rugosities on tlio inner sidt' of tlui fore-arm, as well as on the 
inner tubercle of the inetacai’pus, aial on the two iiineriiiost front-toes. There are 
'two varieties of this frog (n^ckoned by some as distinct species), of which the one 
with orange-coloured undiu'-parts is to be found in strt^ams or marshes in the 
lowlands, while the yellow-bellied form lives at considerable elevations in the 
mountains, • Thoy are essentially acpiatic frogs, only leaving the water for a short 
time in the spring, when they may be seen hoj)ping on the land on their long 
hind-legs. In the water they generally take up their position at some distance 
from the bank, sitting with their heads slightly raised above the surface, and dis- 
appearing with lightning-like speed at the slightest noise, to seek safety in the 
mud at the bottom. The tadpoles grow to an unusually large size, and are 
especially characterised by the great dt^velopment of the tail-fin. 

Midwife Frogs tliird European i*epresentative of the family is the so-called 

midwife-frog (Alijtrs ohstef r Leans) yOi which the typical form inhabits 
France, Switzerland, Jlelgiuin, and Wesbum G(5rmany, while a variety occurs in 
Spain and Portugal ; 

Spain being also the 
home of the second 
memb('r of the genus (-d. 
c iste nia si i). F i-om the 
fire-bellied frog these two 
species are distinguished 
by the distinct (external 
tympanic membrane to 
the (*ar, the elliptical and 
vertical pupil of the eye, 
and the moilerate ex- 
pansion of the transverse 
proc(*sses of the sacral 
vertebra. The cijmmon 
species has the skin of 
"the upper - parts warty, 
while that of tlie under m.xle of midwife-fkug with chains of eggs (nat. >size), 

surface is granular; the 

glands near the head are small or indistinct, but there are large ones on the limbs ; 
and the males have no vocal sac. The colour of the upper-parts is olive-grey, witli 
darker dots and irregular spots. Essentially an a(i[uatic species, this frog derives 
its name from the circumstance that the male takes charge of the eggs during 
their development. The breeding-season lasts for upwards of six months, namely, 
from March to August, altliough the eggs are laid only from March till June. 
These are deposited by the female in the form of long chains, which may be 
upwards of a yard and a half in lengtli. These chains are taken by the male, and 
wound rouifd his legs and thighs ; and when thus loaded he retires to some burrow 
or convenient hollow near the bank, where, at least during the daytime, he remains 
in concealmeijit until the tadpoles are ready for hatching. He then enters the 
wa{er, and the tadpoles soon come forth, and swim away to take care of them- 




286 


mOGS AND TOADS, 


selves; the hatching of the tadpoles taking place from June till September. 
After the cares of the nursing period are over, the male loses his voice, which is 
not resumed till the following February, when it is continued till August. The 
males are more numerous than the females, and during tlie breeding-season their 
loud croaking is almost continuous. From September till the beginning of March 
the habits of this sex are similar to those of other frogs. The lower Miocene 
strata of the Continent have yielded remains of an extinct frog belonging to 
the same genus ; while in the rocks of the ujiper part of the same division of the 
Tertiary pez'iod there occurs a gigantic frog belonging to the same family, which 
has been referred to an extinct genus, under the name of Latonia, 

The other two families — Ampkiqnathodontid(t3 and Heniiphrac- 

OtJ>i0X* JPfiLmilJLOS ju t.' .X 

tideti — ^belonging to the present suborder are not of much importance, 
and are represented only by a small number of genera and species from Central 
and South America. Thej^ are, however, of some interest, from the circumstance 
that both the upper and lower jaws are furnished with teeth, in which respect they 
agree with the sharp-nosed frog among the members of the first subordei\ 

The Toxgueless Frogs. 

Families XenopodiDjE and Fipida:, 

The members of the order hitherto considered are furnished with a well- 
developed tongue, but in the order Aglossa, this organ is totally wanting. 
The vertebras resemble those of the disc-tongued frogs in having tlu‘ir articular 
cups at the hinder-ends, but ribs are wanting. The metacoracoids correspond in 
structure to those of the suborder Arcifera, although the cartilages at their edges 
do not overlap. The tadpoles of these remarkable frogs exhibit the f>eculiaiity of 
having a pair of breathing-pores, after the loss of the external gills, situated 
symmetrically on each side of the body. Each family is represented by a single 
genus, respectively confined to Ti’opical Africa and Tropical South America, 
s ar Toed Fro spur-toed frogs {Xenopiis), of which there are three species 

from Tropical Africa, are characterised as a family by the presence 
of teeth in tlie upper jaw ; while they are further distinguished by tlie circular 
pupil of the eye, the absence of an external tympanic membrane to the ear, the 
free front-toes, and the webbed hind-foot, in which each of the three inner-toes is 
furnished with a sharp, spur-like nail The smooth spur-toed frog (X. Icevis), 
which is the species here represented, has a wide geographical distribution, ranging 
from Abyssinia to the Cape; and is characterised by its smooth skin, marked 
round the body with more or less distinctly defined tube-like lines. In colour it is 
dark brown above, and whitish beneath ; some individuals being uniform, while 
others are spotted with brown on the under surface. The spur-toed frogs are 
exclusively aquatic, pursuing even their prey beneath the surface of the water, 
and capturing it with their fore-feet. The pairing-season takes place in August, 
and the large eggs are laid singly. The tadpoles, which at birth have already lost 
their external gills, on the third day after leaving the eggs develop a pair of 
barbels hanging down from the corners of the mouth. 
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Surinam Water- The second family, distinguished by the absence of teeth in both 
Toad. jaws, is represented solely by the Surinam water - toad {Piiia 
americana), which has long enjoyed a worldwide reputation, on account of the 
very singular manner in wliich the eggs are lodged during the period of their 
development. Agreeing with the spur-toed frogs in its circular pupil, smooth 
palate, and absence of a tympanic membrane to the ear, the Surinam toad has the 
extremities of the free front -toes dilated into radiating appendages, while the 
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fully-webbed hind-toes are devoid of nails. In form the head is triangular and 
much depressed, with the eye minute, one or two short tentacles on the lip in front 
of the eye, a largjb flap at each corner of the mouth, and sometimes a third at the 
tip of the muzzle. The skin, which is covered with small tubercles, is olive-brown 
or blackish on the upper-parts, while beneath it is lighter, being sometimes orna- 
mented with* white spots, and at others with a black stripe down the middle line. 

The Surinam toad is an inhabitant of the damp forests of the Guianas and 
Brazil, and the females deposit their eggs after the usual manner in the water. At 
this •period the skin of the back of the female becomes extremely soft and much 
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thickened and the <*ggs, as soon as laid, are taken by the males and embedded ono 
by one in this softened skin, which soon closes over, so as to enclose each in a 
separate cell. In these cells the eggs undergo the full course of development, the 
juvenile toads issuing forth from their confinement in a perfect condition, although 
their dimensions are, of course, small, and no gills being developed any stage. 
Although there may be as many as one hundred and twenty cells in the back of a 
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single individual, the more usual number is from sixty to seventy. The period 
from the deposition of the eggs to the appearance of the young toads is eighty-two 
days, and the young, when first bursting through the covering of their cells, 
generally protrude the head or one limb. Soon after the birth of her offspring the 
female changes the superficial layer of her skin by rubbing it off against stones or 
plants; the place occupied by each cell being then indicated by a small pit. 
Except during the breeding-season, the pipa appears to be completely aquatic. 





A SALMON LEAP 
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The newts and salamanders are readily distinguished from the frogs and toads by 
the retention of the tail throughout life. Hence they are collectively designated 
the Tailed Amphibians. Although they have generally two pairs of limbs, in a few 
instances the hind pair is wanting ; and in all cases the bones of the limbs are of a 
normal type, the radius and ulna in the front pair, and the tibia and fibula in the 
hind ones remaining distinct from one another. Jn the skull the frontal bones are 
'not united with the parietals, and the palatine bones are distinct from the jaw- 
bones or maxilla*. Generally more or less lizard-like in form, tlu^ Tailed Amphibians 
undergo a less marked metamorphosis than the tailless group, some even retaining 
gills throughout life. As regards their geographical distribution, the salamanders 
and newts, of which there are rather more than one Imndred and twenty existing 
species, are mainly characteristic of the Northern Hemisphere, being represented 
only by a few scattered fonns in the Houthem Hemisphere, and quite unknown in 
Africa south of the Sahara and in Australasia. The northern par< of the Old Worhl 
is the home of the true newts, of which four species extend into Northern Africa ; 
and it likewise contains one of the fish-like salamanders and the olm. True 
vot! v. — T9 
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newts are very abundant in the western portion of this region, but as we 
proceed eastwards they become less numerous, and we notice an approximation to 
American types of the order, although only two genera are common to the Old and 
New Worlds. North America is especially rich in Tailed Batrachians, containing 
more than half the representatives of the entire suborder, and having the two- 
legged salamanders (Siren idoi) peculiar to it. Axolotls arc here especially^ abundant, 
and there are also peculiar genera belonging to the families of the fish-like and 
gilled salamanders. The Oriental region possesses only two species, namely, a 
peculiar genus (Tylotriton) of newts in Yunan and the Eastern Himalaya, and 
an axolotl in Siam. Tropical America, on the other hand, has ten species; 
among which may be specially noticed the newts of the genus SpeUrpes, 
which are also represented by one species from (Central America and the West 
Indies, and two others from the mountains of Colombia, Ecuador, and Northern 
Peru. Geologically, the group is by no means an old one, its earliest known 
representative {Hylceobatrachus) occurring in the Wealden strata of Belgium ; and 
these animals do not appear to have become abundant until the Tertiary epocli. 

Nearly all newts and salamanders appear to be inhabitants of water during at 
least some period of their existence ; some frequenting muddy swamps, and others 
deep lakes or subterranean waters, while a few are found in mountain-tarns at 
elevations of several thousand feet above the sea. Without exception nocturnal in 
their habits, spending the day in slumber either concealed in hiding-places on land, 
or at the bottom of the water in their aquatic haunts, and venturing abroad only 
at evening or after heavy rain, they are all difficult of observation, and consequently 
much still remains to be learnt with regard to their mode of life. The terrestrial 
species generally frequent soft, shady, damp spots, but occardonally narrow valleys 
or forests where they conceal themselves under stones or fallen trunks of trees, or 
in holes in the earth. During their permanent or temporary sojourn in the water, 
the adults of those species unprovided with external gills are obliged to come 
periodically to the surface in order to breathe ; and while in that element all are 
less completely nocturnal than when on land. Such species as are inhabitants of 
cold regions undergo a period of torpidity during the winter months; while in 
tropical regions others become quiescent when their haunts are dried up. They 
exhibit a wonderful tenacity of life ; and when dried up in mud, or frozen in ice, 
will awaken at the first shower of rain, or when their icy bonds are dissolved by 
the sun’s rays. They have also the capacity of rej)roducing lost limbs, apparently 
any number of times. Although on land the majority of species arc slow and 
sluggish in their movements, some salamanders from th(i south and west of Europe, 
belonging to tlie genera Salamandrina and Chioglossa, run with the celerity of 
lizards; while others, again, climb sloping or perpendicular faces of rock, like 
geckos. In the water all swim quickly, mainly by means of serpentine movements 
of the tail ; although the water-newts are perhaps the most expert swimmers. All 
are carnivorous in their diet, feeding chiefly upon molluscs, worms, spiders, and 
insects. Their breeding-habits are peculiar in that there is usually no union 
between the two sexes ; the females seizing the packets of spermatozoa deposited 
by the males, and conveying them to their own reproductive chambers. While 
some species lay eggs, in other cases the eggs are hatched within the bodies of the 
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female parent, and the tadpoles born alive, sometimes in a highly advanced stage 
of development. In the case of the common salamander, during the breeding-season 
the male enters the water first, and is followed shortly afterwards by the female, 
who gives birth to her tadpoles; but in the Alpine salamander, the young are 
born on land. The water-newts, on the other hand, lay eggs which are attached 
to the stems and leaves of aquatic plants. The majority of the terrestrial 
forms pass the earlier stages of their existence in the water, not leaving this 
element till their lungs liave become fully developed. In the tadpole-stage all 
the members of the order are remarkably alike ; and this resemblance forbids any 
wide separation of species like the olm, in which the external gills are retained, 
from the true newts and salamanders, in which these appendages are lost at an 
early period. 

Although some of the larger kinds prey upon small fish, none of the newts 
and salamanders can be said to be harmful to man ; while the terrestrial forms are 
defended against all foes, except fish, frogs, and snakes, by the poisonous secretion 
exuded by the glands of their skins; water-newts are, however, devoured by 
aquatic liirds and mammals. The reputed noxious characters of the common 
salamander, and its alleged immunity to the effects of fire, are, of course, purely 
fabulous. The existing members of the order ai'e divided into four families. 


The Saijimander Tribe. 

Family SalaMAKDJIWA^. 

Comprising the typical members of the order, this family is specially char- 
acterised by the absence of gills in the adult condition, the presence of upper 
jawbones or maxillse, as well as of teeth in both the upper and lower jaws, and 
likewise by the development of distinct eyelids. The family, which includes by 
far the great majority of tlie order, is divided into four subfamilies ; tlie first of 
wliich is characterised by having the teeth on the palate of the skull arranged in 
two longitudinal series, diverging posteriorly, and inserted on the inner margin 
•of two backwardly-prolonged processes of the palatine bones. The median 
parasphenoid bone on the base of the skull is devoid of teeth, and the bodies of 
the vertebra) are convex in front and concave behind. 

Typical The typical gemus of tin', first subfamily {SalamandrincG) is 

Salamanders, represented by three species, I'anging from Central and Southern 
feurope to the Caucasus, Syria, and Algeria, of which the best known is the common 
spotted salamander {Balamandra macvlosa\ As a genus, these salamanders are 
characteris(Ml by the large and suboval tongue being free on the sides, and to a 
small degree alsq behind ; by the palatine teeth forming two curved series ; by the 
presence of four front and five hind-toes ; and likewise by the nearly cylindrical 
section of the tail. The spotted species, wliich varies in length from 7 to 9 inches, 
may be recognised by the length of the tail being slightly less than that of the head 
and body, and still more readily by its brilliant black and yellow coloration. The 
head is depressed and nearly as broad as long ; while the stout body is likewise 
somewhat depressed, without any crest along the middle of the back ; and the short 
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toes are devoid of any connecting webs. The smootli and shining skin is covered 
on the upper-parts with pores, from which exudes a viscid and acrid secretion, 
having decidedly poisonous properties. The yellow markings on the head, back, 
and tail are arranged in two longitudinal series, broken up into more or less 
irregularly-shap(‘d patches. Tlie species is an inhabitant of Central and Southern 
Europe, Algeria, and Syria ; and is the one which from time immemorial has been 
dreaded, not only on account of its undoubtedly poisonous properties, but likewise 
owing to the extraordinary superstition tliat if thrown on a fire it would not be 
consumed. Frequenting moist and shady spots, either in the mountains among 
rocks, or in valleys and forests, the salamander passes the daytime in a kind of 
torpid condition, only issuing forth from its hiding-places among stones or roots of 
trees either during rainy weather or after nightfall; its skin being quickly dried 
up if exposed to the direct rays of the sun. Its movements on land are slow and 
sluggish, its gait being a crawl with a marked lateral movement ; but in water 
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the creature swims strongly, mainly by the aid of its tail. Although frequently 
found in the neighbourhood of its fellows, this salamander can scarcely be termed 
a sociable creature; and it is only during the breeding-season that the two sexe>s 
live in company. From the slowmcss of its own movements, it is only slow- 
moving creatures such as snails, worms, and btxitles that the salamander can 
capture for its food; although it is stated to occasionally kill small vertebrates. 
Goiuirally a large quantity of fex^d is consumed, after which there is a long fast, 
sometimes lasting for as much as a month. During the pairing-season, which is 
in April or May, both sexes betake themselves to the water, when the females 
collect the spawn deposited by the malea Although the young are usually born 
alive, it occasionally happens that eggs are laid by the female, from which thti 
young almost immediately make their escape. The number of tadpoles produced 
at a birth is very large, as many as fifty eggs being frequently found within the 
body of the female ; while an instance is on record where upwards of forty-eight 
young were born within four-and-twenty hours. More generally, however,, from 
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eight to sixteen, and loss commonly from twenty-four to thirty tadpoles make 
their appearance into the world during a period of from two to five days. 
Generally all these are in an equally advanced state of development ; but sometimes 
in captivity both eggs and tadpoles arc produced simultaneously, the former being 
translucent and showing the young tadpoles curled up within them. The tadpoles, 
which arc generally produced u\ clear, running water, arc blackish grey in colour, 
with a more or less well-marked greenish tinge ; but there arc small golden spots 
on the back, which gradually increase in size with advancing age. Tlie skin 
also gradually becomes less shining and smooth, while at the same time the gills 
shrink, till about August or September the young salamanders quit the water 
for a ten’ostrial life. A few may, however, remain till as late as October. It is 
remarkable that the young salamander is rather inferior in size to the tadpole in 
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the latest stage of development ; and it is not yet known for how long a penod 
it continues to grow after leaving the water. In aqxiaria salamandci’s develop 
jnore quickly, and have been known to leave the water within three weeks. 
The winter sleep generally takes place in moss-lined ci’annies, well protected from 
the frost, and may endure till the commencement of April. 

Alpine The Alpine, or black salamander (S. aira), inhabiting the Alps 

Salamander, at elevations of from three to ten thousand feet, is a smaller animal 
than the last, from which it may be at once distinguished by its inferior dimen- 
sions. Ranging from the Alps into Styria, Carinthia, and some of the mountains 
of Wiirtemberg and Bavaria, this species inhabits nunst woods or the banks of 
mountain-streams, where it is generally found in small family-parties, which 
conceal themselves after the manner of their kind beneath stones and moss, or at 
the roots of the Alpine rose. Although resembling the spotted salamander in 
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producing living young, this species differs in that never more than two are 
bom at a time. The most remarkable circumstance connected with the repro- 
duction of the species is, however, that from thirty to forty eggs are found in the 
oviducts of the females, out of which only one develops in each oviduct, at 
the cost of the remainder, which form a glutinous mass surrounding the develop- 
ing egg, and in which the liberated tadpole can afterwards freely move. There 
are also some fifteen unimpregnated eggs in each oviduct, which serve as the food 
of the newly-hatched tadpole. The tadpole, which does not attain its full size till 
after birth, lies in the oviduct of the female with its tail curled, but is capable of 
moving and even turning round. Its gills are of unusual length, being nearly 
half as long as the whole body ; but before birth these shrivel up and are repre- 
sented by mere knobs, so that the whole of the ta<]pole stage is passed through 
within the maternal body. Tadpoles that have been taken from the oviduct 
before completing their development will, however, live in water like tliose of the 
other species ; tlius proving that the species originally went through a temporary 
aquatic existence. Although the two young salamanders are generally born at 
the same time, occasionally one develops more rapidly than the oth(?r, so that 
there may be an interval of several days between the birtlis of the two. At the 
pairing-seasons these salamanders enter the water for a few hours, but are other- 
wise purely terrestrial The third representative of the genus is the Caucasian 
salamander {S. caxicasica), distinguished from both the others by the tail being 
longer than the head and body. In colour this species is black, with irregular 
rows of round yellow spots down the back. 

SpaniBii This species (Chioglossa lusitanica) is the sole representative 

Salamander, of a genus distinguished from the last by the tongue being supported 
on a median protrusile pedicle, and consequently free everywhere except on the 
front half of the median line. Considerably smaller than the spotted salamander, 
this species is dark brown in colour, rather lighter above than below, with two 
broad reddish golden bands along the body, separated from one another by a dark 
line along the middle of the back. It inhabits the north-western districts of Spain 
and the whole of Portugal. 

Newts newts (genus 3Iolge) form an extensive group, of aquatic 

habits, spread over Europe, Northern Asia, and North America, and 
are the only members of the order found within the limits of the British Islands. 
Having the same number of toes as the salamanders, they are distinguished by 
the highly compressed and rudder-like tail, as well as by the frequent presence 
of a fin-liko crest down the middle of the back, which often attains a special 
development in the males during the breeding-season. With the exception of the 
crested newt, the skull differs from that of the salamanders by the presence of a 
ligamentous or bony arch connecting the frontal with the squaVnosal bone ; and 
the palatine teeth form two nearly straight or slightly cuiwed series. The tongue 
is free |ilong the sides, but may be either attached or more or less fr’eo behind. 
The genus may be divided into two main groups, according to the ‘^presence or 
absence of a crest down the middle of the back of the males; and each of 
these may be further subdivided according to the characters of the so-6«illed 
fronto-squamosal arch. 



NEWTS. 


295 


Belonging to the group in which the males are provided, with 
crested Newt. ^ cristata) differs from all the others in 

the absence of a fronto-sciuamosal arch to the skull ; while it is further character- 
ised by the serration of the crest, and the orange and black-spotted coloration of 
the under-parta The total length varies from 5 to 5J inches, and the toes of both 
limbs are free. The colour of the upper-parts is brown, blackish, or olive, with 
more or less distinct black spots ; the sides are white-spotted ; and the under-parts 
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(Grange, with black spots or inarblings. During the breeding-season the head of 
the male is marbled with black and white, and there is a silvery band along the 
sides of the tail* while in the female the under surface of the tail is uniformly 
orange. The toes are yellow with black rings. An inhabitant of Britain, this 
species is spread over the gi’oater part of Europe, extending as far north as 
Sweden, but unknown in Italy, and ranging eastwards to Greece, Turnkey, and 
Russia. Not improbably Bhvsius’s ne-wt (M. hlaaii), from North-Western France, 
is « hybrid between the present and the next species, having the form and 
coloraltion of 'the former, but the fronto-squamosal arch of the latter. 


2g6 


NEWTS AND SALAMANDERS. 


Alpine Kewt 


Of the other European species, one of the handsomest is the 
marhled newt (M. lOKii^icnuta), from France, Spain, and Portugal, of 
which a male and female are represented in the illustration on p. 295. Having 
a ligamentous fronto-squamosal arch to the skull, this spcicies is specially dis- 
tinguished by the smooth dorsal crest of the male, and by the under-parts being 
generally dark with white dots. The total length is about five ami a quarter inches. 
In general colour the upper-parts are green with black marblings ; the crest of the 
male being ornamented with black and white vertical bars, wliile in the female an 
orange streak runs down the middle of the back. The sides of the tail have a 
silvery white band, most distinctly marked in the male during the breeding-season ; 
the under-parts are brown or greyish, with more or less distinct darker spots, and 
dotted with white; and the green toes are marked with black rings. Rare in 
France, this species is common in Spain and Portugal; and it lives in ponds 
and streams only in the early spring, spending the remainder of the year on 
dry land. 

The next species for notice is th(‘ Alpine newt (if. alpestria), 
represented in the illustration on p. 289, which ditiers from the last by 
the much lower dorsal crest of the males, and likewise by the uniformly orange 
colour of the under-parts. In size it is a com])aratively small species, varying from 
three and a quarter to four inches in length. In colour the upper-parts, which may 
bo either uniform or with darker marblings, vary from bj’own, greyish, to purplish; 
the sides have a series of small black spots on a whitish ground, beneath which, in 
the male during the breeding-season runs a sky-blue band; the ci'est on the back 
and tail is white with round black spots; the throat is fiv(piently dotted with 
black; the under-parts arc uniform orange or red; and tlu^ lower edge of the tail 
of the female is orange spotted with black. Tla^ Alpine newt inhabits Frfince, 
Belgium, Holland, Germany, Switzerland, Austria, and the north of Italy. 

A fourth European repres(*ntati ve of the gejuis is thti small common 
newt (il/. vulgar I h), which belongs to th(‘ sanui group as tlu‘ preceding, 
and is distinguished by the festooning of the dorsal crest, the lobate hind-toes of 
the male, and the black-spotted under-parts. Abundant in almost every English 
pond and ditch, where the water is sufficiently clear, this species ranges all over 
Europe, with the exception of the south of Franct^, Spain, and Portugal, and is 
likewise widely distributed in temperate Asia. It measures about three and a 
quarter inches in length, and has a nearly smooth skin. The upper-parts are brown 
or olive in colour, with darker spots, larger and more roundeil in the male than in 
the female; the head is marked with five longitudinal dark streaks; the under-* 
parts are yellowish, with a median orange or reddish zone, and marked with black 
spots in the male, and dots of the same in the female. In the latter the lower edge 
of the tail is uniformly orange, whereas in the male it is red, bordered with blue 
and interrupted by vertical black bars. 

The last of the European species we can notice at length is the 
webbed newt {M. jKilmata), distinguished from all the preceding by 
the bony fronto-squamosal arch to the skull, and likewise by the webbed liind-toes 
of the male. This is the smallest species yet noticed, jits length not exceeding three 
inchea The colotlr of the upper-parts is brown or oliye, yniSx small dark spots on 
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the body and longitudinal streaks on the head. In the male there are also minute, 
brown speckles on the liead ; and the dorsal, as well as the upper part of the caudal 
crest, togetlier with the hind-feet, are blackish. Except for a median orange zone, 
the under surface is luicolourcd, although there may be a few small blackish dots ; 
there are a series of spots along the upper and lower borders of the tail, and the 
crest on its, lower surface is orange in the female and bluish grey in the male, 
The webbed newt has been recorded from Britain, France, Belgium, Holland, 
Switzerland, Western Cermany, and the north of Spain, 
otaxer Species With the exception of the banded newt (M. vittata) of Asia 
Minor and Syria, distinguished by the presence of a black band along 
each side of the body, all the other members of the genus are devoid of a crest 
along the back in the male. One of the most remarkable of these is Waltli^s newt 
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(ill waltlii), from Spain, Portugal, and Tangiers, distinguished by the elongation 
of the ribs, wdiich in some instances actually perforate the skin, so as to form a 
row of sharp points on each side of the body. In a fossil state the genus has been 
recorded from the lower Miocene paper-coal deposits near Bonn. 

• Since the general habits of all newts are very similar, one account 

will serve for the entire group; but it must be remembered that 
whereas the whole of them are aejuatic during the breeding-season, at the close of 
that period some species leave the water and live for the rest of the summer on 
land ; while nearly all seem to pass some portion of the year out of the water. 
Newts generally prefer clear and running water, with plenty of acjuatic plants on 
which to deposit their eggs. On land they are somewhat awkward and slow, but 
in water they swim with great rapidity by the aid of their oar-like tails, their 
hind-legi3 beihg pressed el0se to the sides of the body; their mode of progression 
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being thus exactly the opposite to that of a frog. They often stand upright in the 
water when coniing to the suiiace to breathe, after which they will sink to the 
bottom with a snake-like movement in search of prey. When on land, they seek 
shelter beneath stomps and roots, or in holes in the ground, and in such situations 
often undergo their winter sleep, although such as live in deep water pass the cold 
season of the year in a kind of torpor at the bottom. All newts are carnivorous or 
insectivorous, and the crest(id newt feeds largely on the tadpoles of the common 
frog, while the larg(*r species will prey on the smaller members of their own genus. 
Although there is considerable difference in the spawning-time of the various species, 
the eggs are generally deposited during May or June, the female laying each egg 
singly on the edg(^ of the leaf of some water-plant, which is folded together by her 
hind-feet, and thus held by the viscosity of the egg. In the course of a few days 
after its deposition, the white embryo assumes an elongated form within the egg ; 
and soon it is seen to be folded upon itself, with the gills well developed, and in 
advance of them a pair of lobes by which the liberated tadpole affixes itself to 
acpiatic plants. When about a quarter of an inch in length, and while the gills are 
still simple, the tadpole bursts its envelope; the front-limbs being represented 
merely by a pair of small knobs behind the gills. When hatched, it swims about 
in an aimless kind of way till it strikes against some object to which it can easily 
attach itsedf, and after a short time starts on another voyage. Development now 
proceeds apace, and in the course of two or three weeks the tadpole will have 
attained a length of about half an inch, while the gills will have become elegantly 
branched, and the fore-limbs well developed. At this period the eyes assume their 
permanent character, and the mouth has become terminal, while the lobes for 
attachment to plants are well-nigh absorbed. Still later the front feet, which had 
previously been only digitated, acquire four distinct toes, and the hind-limbs make 
their appearance and gradually assume their full proportions ; but the gills have 
become still more complex. From this date the latter appendages gradually 
diminish in size, and shrivel, wliilc the lungs are at the same time developed, until 
finally, about the latter part of the autumn, the creature has completed its meta- 
morphosis, and passed from the condition of a fish to that of a reptile. Although 
in most cases newts shed their skin piecemeal, in the crested newt it has been' 
observed to be cast entire. 

Spectacled The presence of only four toes to each foot, and of a bony fronto- 

Salaxnaader. squamosal arch to the skull, are the most distinctive features of the 
little spectacled salamander (Salamandrina perspicillata) of Italy, the sole repre^ 
sentative of the genus to which it belongs. It is, however, further distinguished 
by its slender form, and also by its somewhat compressed and rapidly tapering tail, 
furnished both above and below with a longitudinal keel, as well as by the palatine 
teeth being arranged in two parallel series diverging posteriorlyi The tongue is 
very similar to that of the genus Ghioglossa, Reaching from rather more than 3 
to nearly 4 inches in length, this pretty little salamander has a warty skin, and is 
generally black on the upper-parts, although there is a triangular 'or chevron- 
shaped yellow mark on the top of the head. Beneath, ;t^e chin is white, the throat 
black, and the rest of the under-parts white, usually marked with black spots ; the 
lower surface of the tail and adjacent part of the body ii^ however, bHght carmine. 
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The tarantolina, as this salamander is termed in Italy and Sardinia, inhabits cool, 
shady spots on the flanks of the mountains, where it feeds chiefly upon ants and 
spiders, and is active at all seasons of the year, having been seen abroad even in 
January. Although it appears that the pairing takes place on land, the females 
resort to the water in March to deposit their eggs, those that are the first to arrive 
taking the best places, such as sheltered corners of rock, where the spawm will be 
less likely to be washed away by floods. The young are hatched in about three 
weeks, and generally leave the vrater in June. In its movements on land this 
salamander is as active as a lizard. 

There are two other existing genera of the subfamily under 
consideration, both differing from the preceding forms in that the 
maxilla or upper jawbone is more or less fully in contact with the pterygoid bone. 
Both have a fronto«squamosal arch, but whereas in TylotriUm this is bony 
throughout, it is ligamentous posteriorly in Fachytritooi, which has also the tail 
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cylindrical at the base, instead of compressed throughout. The former genus, in 
which the skin is extremely warty, is represented by one species from Siam and 
the Eastern Himalaya, and a second from the Liu Kiu Islands, while the latter is 
known only by a single Chinese form. 

Axolotls Although properly speaking the term axolotl applies only to the 

permanent larval form of the Mexican representative of the genus 
Amhlystoma, it will be found convenient in practice to make it include all the 
rfiembers of tliat group, whether mature or immature. Together with certain 
other genera, Amblystovia constitutes a second subfamily (Amhlystomatince) 
distinguished from the SalamandHnce by the teeth on the palate forming a 
transverse or posteriorly converging series, and being inserted on the hinder 
portion of those bones known as the vomers; as well as by the bodies of the 
vertebrae being cupped at each end. The type genus is specially characterised by 
the palatal teeth forming a nearly straight or angulated series, not separated by a 
space in the middle line ; and likewise by the radiating folds of skin on the tongue, 
which are oval or nearly circular in form, with the sides completely and the front 
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partially fivo. 'I'herc are five hind-toes, and the tail is more or less compressed. 
Represented by a number of North American s])ecies, one of which ranges as far 
south as JUc‘xico, tlie genus has also one Asiatic member, inhabiting the mountains 
of Siam, probably at a great elevation. 

The niajority of axolotls pass from the tadpole to the salamander stage in 
the ordinary way, but this is not the case with tin' Mexican race of the Mexican 
axolotl (-^'1. figrin(nn)y which likewise extends over a large area in the United 
States. The adult form is shown in our second illustration; and in this condition 
the head is large and depressed, and has a broad and blunt muzzle, the limbs 
being stout, with short toes, and the rather long tail distinctly compressed, and 
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keeled above and below near the extremity. The shining skin is finely granulate<l, 
and the general colour brown or blackish, with more or less numerous yellow 
spots, which may bo arranged in transverse bands. In the United States, we 
believe, the transformation from the larva to the adult goes on in the ordinary 
manner ; but the case is very different in Mexico. The city bearing that name 
is, as our readers arc doubtless aware, surrounded by an extensive lake ; while 
the country itself is characterised by its extreme dryness. In this lake dwell the 
creatures represented in our first illustration, which are known to dhe natives 
by the name of ^^lotl. It will be seen from this figure that they resemble 
the tadpole stage of ordinary salamanders and newts in luiving large branching 
gills, and a deep rudder-like tail ; and the natural conclusion would . be that 


AXOLOTLS, 


301 


they are larval forms. However, in tlie Mexican lakes, the axolotls remain 
permanently in the water, retaining their gills throughout life, and laying eggs, 
as if they were adult; and it was conse(picntly long considered that they belonged 
to a type with persistent gills. It was not, indeed, until the year 18G5, that light 
was thrown on the history of these remarkable creatures by six examples which 
had been liying for more than a year at Paris. These comprised five males and 
one female, and in the middle of February tlie latter began to lay eggs, which in 
the course of a month hatched into tadpoles like their parents. In the following 
September the gills and crest of the tail of one of these began to shrivel, while the 
head increased in size, and yellow spots made their appearance upon the dark skin. 
Towards the end of the same month, and in the early part of October, similar 
changes took place in the others, and soon afterwards tlie whole four assumed the 
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appearance of the salamander, which had been previously described as ADihlystohna 
tigriivmn. Subsequently experiments were made with other young axolotls by 
placing them in a glass vessel tilled with water, but wdth rocks at one end, so that 
the creatures could creep out and expose themselves to the air as much as they 
pleased. After a day’s interval the amount of water in the vessel was diminished ; 
and almost immediately the gills of the axolotls began to shrink, and in the course 
of time, (luring which they dwelt chiefly in damp moss, the creatures graduallj^ 
developed into air-breatliing salamanders. It has been infei’red from these 
remarkable experiments that the Mexican axolotl, like the other members of the 
genus to Vhich it belongs, originally went through the normal series of trans- 
formations ; but that, owing to the dry nature of the countvyi^ it inhabits, it has 
acquired the habit of r(*taining the larval condition permanently. FVom its being 
able to hi’tjedfin this state, it may further be inferred that the tadpole stage was 
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originally the permanent condition of all members of the order, and that the 
salamander stage is a later development. 

There are six other genera, belonging to the subfamily Amhly- 
stomaiinw, of which Uyjynohms is represented by several Japanese 
species. Salamandrclla, distinguished by having only four liind - toes, is a 
Siberian type, with two species ; Onychodactylus, which may be recognised by its 
black claws, is known by one species from Japan; while Ran id ev 8, from Eastern 
Siberia and North-Eastern China, Ratrach ypejnts from Mo\ipin in Tibet, and the 
Californian Dicuniptodon, all of which have the palatal teeth arranged in two 
arches, with their convexity forwards, and separated by a wide space in the 
middle, are likewise respectively represented by a single species. The two 
remaining subfamilies, which are exclusively Ameiican, can receive only very brief 
notice. In the first of these (Plethodontmoi) the series of palatal teeth is trans- 
verse and situated on the hinder part of the vomers ; while there ai’e also teeth on 
the parasphenoid bone ; the bodies of the vertebrae being cuppcid at both ends. Of 
the fi\'e genera, Pletliodon^ with the tongue attached along the middle line to the 
anterior margin, and five hind-toes, is North American, where it is represented by 
several species. On the other hand, the large genus Spelerpo^^ which has the 
tongue attached only by a central pedicle, and all its edges free, ranges into 
Central America and the West Indies. The fourth subfamily, DcHinognathince, 
difttn'ing from the last by the bodies of the vertebnn being cupped behind and 
convex in front, is represented only by Desmognathus from North America 
generally, and Thoriiis with one Mexican species. 


The Fish-Like Salamaxdehs. 

Family AmphiumWuE. 

The members of this family, which, for want of a better name, may be 
collectively designated by a translation of theii* German iiilny Jischh'iiolclte, differ 
from the Salamandrida^ in the absence of eyelids. The bodies of their vertebra) 
are always cupped at both ends. They are all characterised by the 'weakness, 
of the limbs in comparison to the body, and the wide separation of the front from 
the hinder pair. They live chiefly or entirely in the water, and breathe by means 
both of lungs and internal gills in the adult state. Only three genera are known, 
the first two of which are so closely allied that it is question whether they are 
really entitled to rank as distinct. 

Giant The earliest record that we have of this family is a skeleton 

Salamander, from the upper Miocene of Oeningen in Basle, descril)ed by Scheuchzer 
in the year 1726, under the name of homo dilavii testis; the learned doctor 
believing that he had to do with a human skeleton, which, like all fossils at that 
time, was considered to have been buried by the Noachian deluge. This fossil 
species, which was fully as large as the existing giant salamander, together with a 
smaller extinct species from lower Miocene strata near Bonn, probably belong to 
the same genus. The giant salamander {Megalohatraclms maximns) was first dis- 
covered in 1820 by Siebold in the rivers of Japan, but has been, subsequently 
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obtained from China. As a genus, it is characterised by having four front and live 
hind-toes, the absence of a gill-opening, and the presence of two internal gill-arches. 



GIANT SALAMANDER nat. size). 

The tongue covers the whole of the floor of the mouth, to which it is completely 
adherent ; whilp the palate has a curved series of teeth on the vomers, parallel to 
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those on the margin of th(i upper, jaw. In form the giant salamander is very 
stoutly built; the head being very large, wide, and flattened, with the muzzle 
regularly rounded, the small nostrils situated near the extremity, and the eyes 
very minute. The body is lil^ewiso broad and depressed ; the logs and toes are 
short, the outer ones, as well as the outer nido, of the hinddeg, having a mem- 
branous fringe ; and the short tail is strongly compressed, with a fln above and 
below, and its tip rounded. The skin, which forms a thick fold along each side of 
the body, is very warty, especially on the head ; and the general colour is brown 
with black spots, becoming lighter on the upper-parts. Although the ordinary 
length of this salamander is about 35 inches, it is stated at times to grow to as 
much as 44 inches. 

Originally purchased by Siebold in tlie market of Nippon, the giant salamander 
is now ascertained to inhabit not only the mountain streams of that island, but 
likewise those of several parts of the Japanese mainland, as well as of Western 
Central China. Nowliero vi^ry abundant, the cn^ature generally frequents the 
upper courses of small mountain-streams at elevations of from seven hundred to 
five thousand feet above the sea-level; soirui of these streams being not more than 
a foot in width, and completely cover(M_l over witli grasses and other herbage. 
The water is clear; and usually while the full-grown salamanders curl them- 
selves round masses of rock in the b(‘d of the stream, the younger ones live in 
holes. Except in si‘.arch of food, which consists of worms, crustaceans, fish, and 
frogs, the animals do not leave their hiding-places, and then only at night, while 
they never venture on land. In confinement they ave extremely slow and sluggish 
in their movements, only exhibiting any marked activity when they rise to snap 
at a worm or other tempting morsel. In spite of its large size, the female lays 
very minute eggs, which are generally deposited in August and September. The 
smallest young yet observed had a length of about G inches, and in every x’espect 
resembled the adult. Probably howevta*, at an earlier stage of development, 
external gills were present ; and indeed, in an illustrated Japanese book, the young 
of the giant salamander is represented with these appendages. Further evidence 
of this is afforded by the circumstance that young specimens have been taken in 
which the gill-openings were retained. The first two living examples were brought 
to Europe in 1829 by Siebold, and were fed on fresh- water fish brought from 
Japan, but when these began to fail, the male devoured his unfortunate partner. 
When suitable food was procured, tJie male, however, flourished and increased 
rapidly in size, surviving till the year 1881, when it died in Amsterdam. 

. Bender Under this euphonious name is designated in its native country 

the Mississippi salamander {Cryptohranchus lateraliti), whicli differs 
from its Asiatic cousin by the presence of a gill-opening, at least on the left side of 
the neck, and likewise by the presence of four pairs of gill-arches, and by the 
anterior boi’der of the tongue being free. In general form this salamander closely 
resembles its larger relative; the skin being porous and rather smooth, and the 
head covered with scattered wart-like tubercles. The colour is brown or greyish, 
with darker blotches; but the tips of the toes are yellowish. In length this 
species, which is the sole representative of its genus, reaches about IG or 17 inches; 
and it inhabits all the tributaries of the Mississippi, and ranges into North Carolitia. 
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In these streams it crawls or swims in a sluggish manner, seldom leaving the water, 
although it can exist on land for twenty-four hours or so at a stretch, feeding 
on crustaceans, worms, and fish, and being not unfrequently taken on the angler’s 
hook. From the circumstance that the tadpoles have never been observed, it 
would seem that the larval stage must be of very short duration ; and the only 
thing known about the development of the species is that the eggs are of relatively 
large size. Although perfectly innocuous, the hell-bender is regarded by American 
fishermen as a most noxious and poisonous reptile. It was first brought alive to 
Europe in 1869, since which date it has been frequently exhibited ; and if fed on 
meat or the heads of fish will rapidly increase in size, although it appears 
to voluntarily undergo long fasts. While in the water it has been observed to 
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make the air from its lungs pass over the gills, with the apparent object of more 
fully oxygenating the blood in the latter. 

^ Three-Toed The eel-like or three-toed salamander {Ampliiiima mmitn) 

. Salamander, represents another North American genus, ranging from the Mississippi 
to South Carolina, and distinguished by its extremely elongated and eel-like form, 
and the small size of the limbs, each of which terminates in three or two minute 
toes. The tongue is indistinctly defined, covering the whole of the floor of the mouth, 
to which it is everywliere adherent ; there is a gill-aperture on each side of the neck, 
and four int^rlial gill-arches arc present. The head is relatively small, with a rather 
long and narrowing muzzle, at the extremity of which are the small and widely- 
separated nostrils ; the eyes are likewise minute ; the lips are unusually thick and 
fleshy ; ajnd the short compressed tail is keeled superiorly. The smooth and slimy 
VOL. V.—- 20 
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Hkin is of a uniform blackish brown colour, although ^ IhlnUho 

above. In total length, full-grown examples measure about ^ 

aiflerencc in the number of the toes it has been thoug r la ^ it seems 

but since the two-toed and three-toed forms are in other respect s imUi it « 
preferable to regard them as varieties or local races « ^ 
salamanders are inhabitants of muddy waters, liecpent y y « ^ 

the mud at the bottom, in one instance to the depth o a j .^3 Tj 

clayey mud of the consistence of putty, in whicli they 

also frequent the irrigation channels in rice-lields, while they occasionally venture 
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on land. Their food comprises fresh-water mussels, fish, beetles, other insects, and 
crustaceans. Beyond the fact that the female lays eggs, in which the tadpole lies 
coiled up until it attains several times the length of its chamber, little is known aa 
to the breeding-habits of this speciea 


The Gilled Saxamanders. 

Family Protew^. 

Represented only by the curious olm of the subterranean waters of Camiola 
and other parts of Europe, and by an allied genus in North America, the plied 
salamanders take their title from the permanent retention of external gilH mi 
which account they may be regarded as some of the lowest representatives of the 
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order. In addition to this i)riinary feature, they arc characterised by the absence 
of the upper jawbone or maxilla, although the premaxilla is present, and, like tlic 
lower jaw, furnished with teeth. There are no eyelids, and the bodies of the 
vertebrte are cupped at both extremities. Tliere are differences in the external 
form of the two representatives ; the olm being a long, snake-like creature with 
small limbs, whereas the American species resembles a salamander. 

Known for more than a couple of centuries, the remarkable 
creature to which Oken gave the name of olm is the sole representa- 
tive of its genus, and is technically known as Proteus aii guineas. From its American 
ally it is distinguished by its elongated snake-like body and small and widely 
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jseparated limbs, of which the front pair are provided with three, and the hinder 
witli only two toes. The eyes are concealed beneath the skin, the small tongue is 
free in front, and the palatal teeth are small and arranged in a double series. In 
the typical form from Carniola the head is elongate, with a long and narrow 
muzzle, truncated at the tip; the mouth being small, with large lips. .The short 
And much compressed tail is provided with a fin, and rounded or bluntly pointed 
at the tip. The smooth skin is marked by twenty-six or twenty-seven grooves, 
corresponding to the ribs, and is uniformly flesh-coloured, with coral-red gills. In 
a variety from Ilalmatia the snout is longer and narrower, and the number of 
costal grooves only twenty-four; while in a second variety, inhabiting Carinthia, 
the w'hole form is stouter, the head shorter, with a rounded muzzle, and the 
number of costal grooves twenty-five. There is also a certain variation as regards 
colour, apparently largely depending upon the amount of light to which the 
creatures have been exposed ; some examples being reddish brown, and others 
darker with bluish black spots. The usual length is about 10 inches. 


3o8 


NEWTS AND SALAMANEEES, 


Totally blind, the olm is found solely in the subterranean waters of the 
caverns of the Alps of Carniola, Dalmatia, and Carintlii a ; and has long been an 
object of the greatest interest to naturalists. It has becui thought that the waters 
in which the olm lives were all connected together underground, and tliat the 
creatures only came up during flood -time; but the great distance from one another 
of the various localities where they are found is somewhat against this view. 
It is, however, only when the subterram^an waters are at tlioir greatest height that 
the olms are captured by the peasants, by whom they are placed in glass jars, half 
filled with water and sold to tourists. In confinement, where they have been 
known to survive from six to eight years, they lie sluggishly all day at the bottom 
of their tank, only moving if a ray of light impels them to seek a darker coi'ner. 
When in small vessels, where the water is not often renewed, the}?^ will Irequently 
come to the surface to breatlie, opening their mouths, and letting air pass througli 
their gill -openings ; but in deeper, or fi*c(juently changed water, they breathe 
entirely by means of their gills. Many experiments have been made, with the 
view of ascertaining whether the olm will, under any circumstances, lose its gills, 
but hitherto without result. In captivity the food of these amphibians consists of 
molluscs, worms, and the minute creatures to be lound among the leaves ol water- 
plants. In spite of having been kept for many years in captivity, it was not 
ascertained till 1875 that the olm lays eggs; and it was thirteen years later before 
any tadpoles were liatched in captivity. In A])ril 1888, upwards of seventy-six 
eggs were laid by a single female ; and after a period ol three months dc^veloped 
into tadpoles. These were very similar to the adult, but the tail -fin extended 
three-quarters down the back ; the eye was larger, and appanuitly more susceptible 
to light ; and the hind-limbs were in th(} form of small knobs. 

Furrowed ^ very different looking animal is the furi'ow(Ml salamander 

Salamander. (Necturus macvlafns)^ of East(*rn North Aimjrica and Canada, 
which takes its name from the strongly - marked fold of skin on the throat. 
In addition to its shorter and more lizard-like form, and relatively longtu- limbs, it 
differs from the olm by having well- developed eyes, and four toes to each foot. 
The tongue is large, with the front border free ; and the palatal teeth are large 
and form a single series. In colour the smooth skin is brown, with more or less 
well-defined circular blackish spots, and lighter on tln^ under-parts than on tlie back. 
The total length is about a foot. An allied species (A. punctaHii^) inhabits the rice- 
fields of the Southern States. The food is similar to tliat of the allied forms, and 
in winter these salamanders seek protection from frost by burrowing deep in the 
mud. They come at times to the surface to breathe, and will even venture on land*; 
but they chieflj'' respire by means of their gills, and if the latter become entangled, 
they are carefully rearranged by means of the fore- foot. 

Two-Legged Salamanders. 

Family SlRENW.^.. 

The sole representatives of this, the last, family of the Tailed Amphibians are 
the two-legged salamanders of North America, of which there are two species, 
arranged under as many genera (Siren and Pseudobr(jf,nchas), While agreeing 
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-with the preceding faiiiily in the perinaneut retention of external gills, they are 
distinguished hy the total loss of the hind-limbs, and likewise by the absence of 
teeth in the margins of the jaws. The siren salamander {Siren lacertina), which 
inhabits the South-Eastern United States, may be compared to a snake furnished 
with a pair of short fore-legs and external gills ; and is especially distinguished by 
the presence of three pairs of 
gill-openings on the sides of 
the neck and the four-toed feet. 

The smooth skin is either 
uniformly blackisli, or marked 
with small white dots, and the 
total length reaches to as much 
as 28 inches. The Georgian 
two-legged salamander (Psew- 
(lolmtnc/ms striatums), on the 
other hand, has only a single 
pair of gill - openings on the 
neck, and but three toes to 
the feet. These salamanders 
are stated to frequent swampy 
localities, especially pools of 
water beneath the roots of old 
trees, up the stems of which 
they will sometimes climb. A living example was received in England in 1825, 
where it live<l till 1881. This specimen was fond of coming out of the water to 
rest on sand or among moss; and in summer ate worms, tadpoles, and various 
(jther small creatures, but became torpid from the middle of October till the end 
of April. That these salamanders can breathe entirely by means of their lungs, 
is proved by a specimen in an aquarium whose gills had been eaten off by a fish. 
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The Ccecilians oh Wohm-Like Amphibians. 

Order Apoda. 

The remarkable worm-like and blind amphibians forming this group are 
generally regarded as the representatives of a distinct order ; although they are 
^considered by Professor Cope to be merely a degraded branch of the Tailed 
Amphibians, to which they are allied through the fish-like salamanders. Be this 
as it may, the group is readily distinguished by the total absence of limbs, and the 
general worm-like appearance of the head and body; the tail being either 
rudiniental or wanting. In the skull the frontal bones are distinct from the 
parietals, but the palatines are fused with the maxillae. As regards their 
reproduction, these amphibians dificr from the newts and salamanders in that the 
two sexes come together in the ordinary manner. Some of them are peculiar in 
having overlapping scales embedded in the skin, like fishes ; and in all the eyes 
are eithet wanting, or arc so deeply buried beneath the skin as to be entirely 
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useless. The whole of the members of the group arc burrowing in their habits ; 
and in the adult state are completely terrestrial, laying eggs from which are 
developed gilled tadpoles that do not take to the w^ater till some time after birth. 
The fourteen genera into which the group has been divided may all be included in 
the single family i\eciXiidoi. Geographically, those amphibians are spread over 
the Indian region, Africa south of the Sahara, and Central and South America ; 
but it is not a little remarkable that they are quite unknown in Madagascar, 
although two species occur in the Seychelles. 

They may be divided into two main groups, from the presence or absence of 
scales in the skin ; two of the best known representatives of the group in which 
scales are developed, at least in some portion of the body, being tlic Oriental 
Icldliyophia and the South American (kvciluf, one of the species of the latter 
genus being represented in our illustration. The common Cingalese species 
(Ichtkyophis glutinosua), which ranges from Ceylon and the Eastern Himalaya to 
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Sumatra and Java, inhabits damp situations, and usually burrows in soft mud. 
In some hollow near the w^ater, the female (which measures about 15 inches in 
length), lays a clmster of very largo eggs, round which she coils her body, and 
proceeds to brood them after the manner of a python. After the young are 
hatched out they remain in the egg-moss until they have lost their external gills, 
after which they take to the water, to lead for a time an aquatic life. During this 
stage of their existence the head is fish-like, with large lips, and the eyes better 
developed than in the adult; and they have a gill-opening on each side of the 
neck, and the tail is distinctly defined, much compressed, and furnished both above 
and below with fin. Of the group without scales, the genus Gegenophia is from 
Southern India, Siphonops from Tropical America, and Typhlonectes and Ckthon&r- 
petum from South America. 




CHAPTER III, 

The Primeval Salamanders, — Order Labyrinthodontia. 

The remaining amphibians arc extinct, and form an order mainly characteristic 
of the upper Paheozoic and Triassic periods, but also lingering on into the 
Jurassic. They derive their name of Labyrinthodonts from the complex structure 
of the teeth of the higher forms ; these displaying a peculiar pattern, caused by 
infoldings of the outer layer, which penetrate nearly to the centre of the crown 
in festooned lines. Most of these creatures have the general form of a salamander, 
with the front-limbs shorter than the hinder-pair ; the latter having always five 
toes, although in the former the number may be reduced to two. Their most 
/characteristic feature is, however, to be found in the structure of the skull, in 
which the bones are generally covered with a pitted or radiated sculpture, 
somewhat similar to that of crocodiles. From the accompanying figure of the 
skull of the mgtfitodonsaur, it will be seen that the whole of the upper surface 
behind the sockets of the eyes is covered by a complete bony roof, extending 
continuously from the bone marked P, which immediately covers the brain-cavity 
to the sides of the hinder-part of the jaws (QJ), whereas in all the modern 
salamanders this region is more or less open. This roo fed sk iill of the 
primeval salamanders presents an approximation to the earlier^^fishes ; and a 
resemblajQce to that group is also shown by the paired supraoccipital bones {So\ 
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which in all the higher Vertebrates are fused together. Nearly all these 
salamanders are further distinguished by having the chest protected by three 

sculptured bony plates, one of which is central 
while the other two are lateral ; the position of 
these plates being shown in our figure of the 
skeleton, where they are seen on the lower surface 
of th^ body, immediately behind the head, under- 
lying the backbone and ribs. Besides this armour, 
some species had the whole of the under surface 
of the body protected by a series of bony scales, 
arranged in a chevron pattern; while in a few 
instances similar scales also invested the upper 
surface of the body. The majority of the members 
of the order had the vertebrai of the backbone in 
the form of simple doubly-cupped discs, similar to 
those of fishes ; but in some of the most primitive 
types each vertebra consists of four distinct pieces, 
namely, a single basal piece (i), a pair of lateral 
pieces (pl)y and a single arch and spine (s). Among 
some reptiles the basal piece remains between 
two adjacent vertebreo as the intercentrum ; but 
in the higher forms the other elements coalesce. 
Since a similar type of vertebra occurs in certain 
extinct fishes, we have in this structure another 
bond between the latter and the primeval sala- 
manders. Brief reference must also be made to the small apertui'e in the roof 
of the skull of the primeval salamanders in the bone marked P, since this corre- 
sponds to one in the skull of the tuatera lizard of New Zealand. In that animal 
the aperture overlies the rudiment of an 
eye sunk deep down in the brain and now 
totally useless, but probably functional in 
the tuatera^s ancestors. The large size of 
the aperture in the primeval salamanders 
suggests that the central eye may still have 
been capable of receiving impressions of 
light, although we may have to go back to 
earlier forms before it was of any functional 
importance as an organ of vision. As in 
many existing amphibians, teeth frequently 
occur on the bones of the palate as well asr 
in the margins of the jaws. Another feature vertebu.® of a miwEVAL salamai^deii. 

of the skulls of many members of the order prz is the anterior and ptz the posterior eiKh 

is the presence of what are called mucous 

canals in the bones of the upper surface, as shown both in the accompanying figure 
and in the one on p. 313 ; these canals also occurring in certain fishes. So far as 
can be ascertained, both external and internal gills generally disappeared in 
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SOf supraoccipital ; ICp, epiotic ; I\ 
parietal ; Bquaiuosal ; suprateni- 
poral ; QJ^ quadratojugul ; Ja, jugal; /V, 
postfrontal; PtOf postorbital; Fr^ frontal; 
PrF, prefrontal ; Z, lachrymal ; Ra, nasal ; 
J/a*, maxilla. The premaxilla has no letter. 
(About I nat. size. ) 


PRIMEVAL SALAMANDERS. 


313 


the adult. Varying from the size of a small newt to,, that of a crocodile, tlio ' 
primeval salamanders are of especial interest to the evolutionist, as it is pretty 
certain that not only arc they the descendants of primcyal fislies, but that 
they are tlie ancestors both of the modern Amphibians and the extinct Anomodont ) 
Eeptihis. And it is probable that Mammals have originated, cither directly from 
them or fvom a lost group intermediate between them and the Anomodont 
Reptiles, They aj^pear to have been spread over the whole globe, and they have 
been divi<led into several suboi’dinal groups. Among 
these the highest are the true Labyrintliodonts, 
typically represented by the gigantic Mastoclonsaurus 
and the somewhat smaller Meioposaurus of the Trias. 

These were crocodile -like animals, generally with 
disc-like vertebra) in the adult, the teeth more or 
less plicated, and the surface of the skull marked 
with sculpture and mucous canals. In the Permian 
Archcgosaiirus, tlic vertebra) were, however, of the 
complex primitive type. The Gillcd Labyrintliodonts, 
as 1 ‘epresented by Protriion ami Pelosauriifi, are a 
group of much smaller forms, cliaracterised by their 
barrel-shaped vertebra3, jiierced by a remnant of the 
canal of the j)rimitive notochord ; sliort and straiglit 
ribs, articulating by a single head ; simple teeth, and 
the absence of ossification in the occipital region of 
the skull, as well as in the wrist and ankle-joints ; a 

further point of distinction being the development of internal gills in the young. 
The Permian and Carboniferous Snake-like Labyrintliodonts are characterised by 
the snake-like form of the body, and the apparent absence of limbs. The vortebrso 
were elongated and without spines, while the ribs were slender and barbed like 
those of fishes, and the teeth smooth and simple. Probably the external gills 
persisted throughout life. In Britain the group is represented by the small 
Dollchosoina \ but Paloiosiren of Bohemia is estimated to have been over 40 feet 
dong. If these creatures prove to be the ancestors of the Worm-like Amphibians, 
it would show that the latter are distinct from the newts and salamanders. The 
Microsauria, include small lizard -like forms, such as Ceratoerpetum and Hylonomus 
from the Carboniferous of Europe and Nova Scotia, which appear more highly 
organised than the preceding, and thus connect the Amphibians with the Beaked 
^Icptiles. Their vertebra) are long and constricted, with traces of the notochord ; 
tjie ribs are generally long, curved, and two-headed ; the teeth have large central 
pulp-cavities, but no plications ; the occiput is ossified ; but the wrist and ankle are 
either ossified or^cartilaginous ; and in some cases the back is covered with bony 
scales. In several forms the bony scales on the under surface are so slender as to 
assume the appearance of abdominal ribs like those of the Beaked Reptilea 
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CHAPTER 1. 

General Characteristics, — Class Pisces. 

Although in popular language lampreys are included among fishes, while until 
quite recently the lancelct was very generally placed by zoologists in the same 
class, it now seems preferable to make each of those the representative of a distinct' 
class, and the true fishes can consequently be defined with greater precision. In 
this somewhat restricted sense fishes may be described as cold-blooded vertebrate 
animals, adapted for a purely aquatic life, and breathing almost invariably by 
means of gills alone. They have a heart consisting generally of only two chambers 
(three in the lung-fishes) ; the limbs, if present, arc modified into fins ; there ar ‘ 
unpaired median fins, supported by fin-rays ; and, as in all the higher classes, the 
mouth is furnished with distinct jaws. The skin may be either naked, or covered 
with scales or bony plates. As a rule, fishes lay eggs; and tlyd young do not 
undergo a distinct metamorphosis. 

With the Tailed Amphibians the class is very closely connected by means of 
the lung-fishes, which are furnished not only with internal gills, but likewise with 
functional lungs, and during the early part of their existence with external gills ; 
while these fishes also differ from the other members of the class in that the nostrils 
communicate posteriorly with the cavity of the mouth, as in the higher Vertebrates. 
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Although the bony fishes of the present day form a specialised side-branch, which 
has lost many of the characters common to the two classes, it will be evident that 
Fishes and Amphibians are very closely allied groups ; the latter of which has been 
directly derived from the former. Geologically, fishes are older than any of the 
classes hitherto described, their fossil remains occurring in strata belonging to the 
upper part of the Silurian division of the Palaeozoic epoch. 

The form of a typical fish is so well known that it will be quite unnecessary 
to describe it ; and it may be mentioned that this typical form, which is the one 
best adapted for progress through water, is very general amongst fresh-water fishes, 
although the eels constitute an exception in this respect. Much greater diversity 
exists, howevci*, among the marine representatives of the class ; and we^ niay cite 
as extreme types a shark, a flat-fish, a ribbon-fish, and a globe-fish. 

The structure of the skeleton, both external and internal, being 
of the utmost importance in the classification of fishes, it is essential 
that the attention of tlie reader should be more fully directed to this point than 
has been done in the case of the higher Vertebrates. It should first be mentioned 
that fishes are divided into four subclasses, namely, the Lung-Fishes or Dipnpi ; the 
Chimoeroids, or Holocephali ; the Bony Fishes and Ganoids, or Teleqstomi ; and the 
Sharks and Rays, or Elasmobranchii. These may be further subdivided into orders 
as follows : — 

1. Lung-Fishes — Subclass Dipnoi. 

(1) True Lung-Fishes— Order SiRENOlDEi. 

(2) BeiTy-Boned Fishes — Order Ahtiihodira (extinct), 

2. CluTiimroids — Subclass Holocephali. 

3. Bony-Fishes and Ganoids — Suliclass Teleostomi. 

(1) Fan-Finned Fishes — Order Actinopterygii. 

(2) Fringe-Finned Ganoids— Order Crossopterygil 

4. Sharks and Rays — Subclass Elasmobranchii. . ^ 

(1) Acanthodians — Order Acantiiodii (extinct). 

(2) Fringe-Finned Sharks— Order ICHTHYOTOMI (extinct). 

(3) True Sharks and Rays— Order Selachoidei. 


External In regard to the external skeleton, the most characteristic type 

Skeleton. takes the form of scales. When these overlap and their posterior 
border is entire, such scales are termed cycloid, but when serrated, ctenoid. The 
external skeleton may, however, take the form of plates or granules, which in the 
foimseroids and sharks and rays are generally isolated, and have a structure 
precisely similar to that of teeth, consisting of a base of ivory or dentine capped 
with enamel. The so-called ganoid scales, like those of the bony-pike, arc, on the 
other hand, quadrangular, and often connected by a peg-and-socket arrangement ; 
they ai'e formed of true bone capped with an enamel -like substance termed ganoin, 
and true bone likewise occurs in the plates of the sturgeons. A series of specially 
modified scales, running along the sides of many fishes, constitute the so-called 
lateral line, which is partly connected with the supply of mucus ; and certain large 
V-sBaped scales on the borders of the fins of many extinct bony fishes are known 
fulcra. The jin-rays, which also come under the designation of dermal structures, 
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lire shown in the skeleton represented on p. 316, and occur in both the median and 
paired fins, of which the names are also given in the same illustration. In the 
median fins tlie bases of these rays articulate with the interspinal hones, or, in 
clasmobranclis, with the radial cartilages. The first 
I’ays of the 2)(^ctoral and dorsal fins may be developed 
into long spines, having the same structure as teeth. 

Internal In the internal skeleton the back- 

Skeleton. bone is divisible only into a trunk and 
caudal moiety. In the fringe -finned ganoid fishes 
the primitive notochord persists, althougli it may be 
partly surroun<led by rudimental arches; while in the | ^ 

sharks and higher bony fishes the column is divided 
into segments, forming vertebne with doubly-cupped 
bodies. In sharks and rays the arches and bodies oC 
the vertebrae remain sepai'atc, but in the other groups 
they are fused together; in the tail, as shown in our 
figure of the skideton of tlie perch, there is also an 
inferior arcli and spine to each vertebra. In the mon^ 
primitive fishes tlie notocliord is continued to tlie 
hinder exinMiiity of tlie body, where it is surrounded 
symnu‘trically by tlie rays of the caudal fin; tliis tyi)e, 
which is shown in the accompanying figure of th(*< 
skeleton of an extinct fringe - finned shark, being 
termed the f rl ngc-tailed, or d iphijcercal. Whereas in 
some fishes with this typo of tail the fringes on the 
upper and lower portions of the caudal fin ai*c of 
nearly (H[ual d(‘pth, in others the lower fringe of rays 
becomes somewhat deeper than the otluu's, and a 
further (h'velopnnuit of this iiuMpiality results in the 
partially forked or heferocercal tail of the modern 
sharks and sturg(H)ns, where the end of the backbone 
.is bent upwar<ls into the longer superior lobe of the 
tail, the lower Jobe of which is formed cxclusividy 
of rays. The luiig-fivshes and sharks have never 
advanced lieyond one or other of these types; but 
the bony fishes and ganoids, which started with the 
](>rimitivc fringed lobate type, by a gradual shortening 
of the central part of the tail-fin, accompanied by an 
increasing development of tlie rays on its lower side, 
have evolved the completely forked or humocercal tail 
of the perch, in which, as shown in the figure, the 
backbone stops short of the fin-rays, and ends in an 

expanded, ijnsymmetrical extremity, from which these rays are given off in a 
fan-like manner, so as to produce an appearance of perfect symmetry in the whole 
structure. 

Turning, to the limbs, or paired fins, we find that while in the existing 
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elasmobranchs there are no ineiubrane-boiiea (as the elements of tlie skeleton not 
formed from primitive cartilage are toriiKMl), in the higher bony fishes the pectoral 
girdle, as shown in the figure on p. 316, comprises a scapula and a coracoid, 
flanked by a series of membrane-bones, known as the 'posUlemporal, supra- 

cl(ivi(‘ahn% davieidar, and clavicular. The pelvis 
is generally absent, and is never highly developed. In 
I all cases the basal and radial bones of the pectoral fins 

M ^ articulate directly with the pectoral girdle, so that tliere 

fire no segments corresponding to the arm and fore-arm 
of the higher Vertebrates. In the paired fins the struc- 
tare is very similar to that of the tail ; and a similar 
trfinsition from a fringed to a fan -like type may be 
traced as we pass from the primitive to the specialised 
forms. For instance, in the figure of the perch's 
■ skeleton on p. 316, we may notice that the paired fins 

^ If ^ formed of a number of hard rays spreading out in 

HI ^ fan-like manner from a single jioint of origin ; and 
m 1/ ^ same generfil typ(‘ obtains in the existing sharks and 

® g rays. In certain extinct sharks, like tlu^. one of which 

‘I skeleton is shoAvn on p. 317, as w(‘ll as in the lurig- 

S fishes and the fringe -finned ganoids, the, pectoral fins 
. I ha\'e a long central lobe running for some distance up 
3 middh^, and completely covered with scales (where 

jw| w these are developed), while the rays of these fins form 

uk w kind of fringe radiating on all sides from the central 
nK g lobe, l^lie skeleton of such a fin, which is known as 

Jmffk w fin arehipterygiiim, consists of a long cartilaginous axis, 

^ composed of a number of joints, gradufilly decreasing in 

g size from the base to the exti-emity, as shown in the 

I fij?^^^ on p. 319. From one or both sides of such 

joints there are given olf a number of oblique smaller 
jointed rods, terminating in the fine rays forming the free 
MMk edges of the fins. How different is tlic sti'ucture of this 

fin from that of the higher bony fishes will be apparent 
by comparing the accompanying figure with that of the 
^||H||h skeleton of the perch on p. 316. In the lung-fishes this 

^ primitive type of fin has pm-sistexi to the present day ; in 

JHpF the sharks it has now totally disappeared ; while among 

the bony fishes and ganoids, in the latter of which it was 
■T the universal type, at the period of the Old Red Sandstone, 

^ it now only remains in a modified form in the bichir of 

the Nile, having been developed in the modem bony fishes into the fan-type. It 
may be mentioned that the latter modification of fin is obviously the one best 
adapted for quick-swimming fishes, the fringe-finned type partaking more of the 
nature of clumsy paddles, and being adapted for slowly-moving forms likf the 
lung-fishes, which pass most of their time among the mud at the botl^om of rivers. 
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It must not be supposed, however, that even the fringed type is the most 
primitive form of fin known, since in an extinct armoured shark {Cladoselache) 
from tlie Carboniferous formation, we meet with what may be called the fold-type 
of paired fins. In these fishes (one of which is figured in the sequel) the pectoral 
and j)elvic fins arc placed far apart, ])ut in the same longitudinal line, and are 
formed of a, series of parallel cartilaginous rods arising IVorri an extended base, 
and projecting at right angles to the body ; the pectoral pair being considerably 
the larger. Assuming that fishes originally possessed on each side of the body a 
continuous fold of skin, strengthened by parallel cartilaginous rods projecting at 
right angles, this fold-type is exactly what we shoulcl expect to find in the 
evolution of pectoral and pelvic fins, by the disappear- 
ance of a considerable portion of the original fold, and 
the development and basal contraction of the remaining 
inoi(^ties. 

Although the structure of the skull is of the 
highest importance in the classification of fishes, our 
remarks on this subject must be very bri(‘f. In the 
skulls of the higher bony fishes the original cai'tilaginous 
cranium, which j)e[*sists in the sharks, is overlain by a 
number of membran(‘-l)ones, the names and position of 
which are, indicated in the figure of the perch’s skeleton 
on p. 816. Among these the plerotic and sphenotic are 
peculiar to the class, and there is always a large pavd- 
sphenoid underlying the base of the skull. The inter- 
vention of the eh'JiU'iits known as the hi/(yi)t(t')idif)nlftr 
and sp'inplrcdc betwc‘en the scpiamosal and the quadi*ate is 
unknown elsewhere, although it is by no means universal 
among fish(‘s. Among other bomis may b(i mentioned the infraorhital ring 
l)cneath the eye ; as well as the preopercidaVy siihopercijiJar, intcropcrcvlar, and 
opercular, collectively constituting the gill-cover or opercidum of the bony fishes. 
In the gill (or hraiwhiosfegal) membrane, which joins with the gill-cover in closing 
in the gill-chamber, there may be developed a number of gill (or branch iostegal) 
rayfi ; but these may be partially or entirely replaced hy jugtdar plat es, occupying 
the space between the two branches of tlie lower jaw. It will be unnecessary to 
mention by name the various bones constituting the hyoid arch, which is attached 
to the inner side of the hyomandibular by the stylohyal, and extends forwards to 
4 s{ipport the tongue ; and it will suffice to state that behind this arch are 
sijiuated the branchial or gill-arches, to the inner margins of which are attachecl 
the spine-like gill-rakers. In the lower jaw, or mandible, there is usually both a 
dentary and an articular piece ; but an angular, and more rarely a splenial or 
coronoid element may likewise be developed. 

The teeth of fishes present a greater degree of variation than 
^,is found among any other class of Vertebrates. While in some 
cases they may be totally wanting, in others they may be devtdoped on all the 
bonea of the mouth, and even on the hyoid bones and gill-arches ; and they may 
be attached oply to the membrane lining the cavity of the mouth. Frequently 



SKELETON OP PECTOBAL FIN OF 
AN EXTINCT FKINOE-FINNED 
siiAUK. (From Friiscli. ) 


320 


FISHES. 


they aro welded to the underlying boncj or cartilage by a broad basis; but, as in 
the saw-fishes, they may be emplanted in distinct sockets. Usually the coating of 
enamel is very thin ; and the ivory, or dentine, is more vascular than in the other 
classes. In rare instances the ivory may be penetrated by branching prolongations 
from the central pulp-cavity, as wt‘ll as by similar infoldings from the exterior, 
thus producing a structure similar to that obtaining in those of the primeval 
salainamh^rs. As a general rule the teeth aro being constantly renewed through- 
out life, but in a few instances a single set persists. 

Coloration beauty, variety, and changeability, the colours of fishes 

cannot be exceeded by those of any of the other vertebrate classes ; 
metallic tints and almost all the colours of the rainbow being very commonly 
displayed ; while the beauty of the coloration is often enhanced by the rapid 
changes it undergoes. In many cases the coloration is of a protective nature. 
An example of this is afforded by the colouring of the uj)per surface of many 
flat-fishes, such as flounders, which exactly harmonises with the tints of the sea- 
bottom on which they dwell ; while another equally marked instance presents 
itself in the case of so-called pelagic fishes, like the mackends and flying-fish, 
wliich live near the surface ot* the sea, and have the under-parts silv^ery whittj, an<l 
the back mottled Muth. dark green and black. Wluui viewed from below against 
the light sky such a fish is practically invisible, while it is equally inconspicuous 
when seen from above among the dark wat(*rs. 


Soft Parts body of fishes is made up of a great lateral muscle on each side, 

divided into a number of segimaits corresponding with the vertebra?, 
and also separated into a dorsal and A'entral moiety by a median longitudinal 
groove. On its surface the lateral muscle is markcHl by a number of white zigzag 
sti’ipes, generally forming three angles, of wliich the middle one is directe<l 
forwards ; these stripes being formed by the edges of the buidinous divisions 
between the segments. Generally the muscles are glistening white in colour ; 
but in some instances they are salmon-coloured,” this tint being due to the 
colouring matter of the crustaceans on Avhich such fish subsist, which is turned 
r(‘d by the action of the digestive fluids in the same manner as by boiling. The 
electric organs possessed by certain fishes arc cousideri‘(l to be probably formed 
from specially developed muscles. With regard to the brain, it will sufiice to say 
that it is of an exceedingly low type; and that the ear lacks the tympanum and 
tympanic cavity of the higher classes. In the bony fishes there occurs at the 
base of the brain-cavity a sac, often divided into two unequal-sized chambers, and 
each of which contains an ear bone, or otolith, of very dense structure. These 
otoliths, which are very constant in form in the diflcjrent groui)s, frequently have 
scalloped margins and groove-like markings, formed by the i-amifi cations of the 
auditory nerve, nie tongue is frequently absent, and if present is of very simph? 
structure and incapable of protrusion ; and since fishes generally bolt their food 
without mastication, it is j^robable that they have little, if any, sense of taste. 
With regard to the digestive organs, it will suffice to mention that in the sharks, 
rays, and chimaoroids the intestine for a large portion of its length is provided 
with a spiral valve, a similar structure occurring in the ichthyosaurian reptiles. 

The gills of sharks, rays, and chima3roids are contained in pouches, usually 
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five in number on each side ; each pouch opening c‘xternally by a slit, and also 
communicating by a separate aperture with the pliarynx. In tlie embiyos 
filamentous gills protrude externally from the slits. The spiracles found on the 
top of the head in the groups mentioned are the external openings of a canal 
leading on each side into the pharynx, and r(‘pi’escnt what is known as the first 
visceral cle^t in the embryo. In the bony fishes the gills, which are geiu'rally 
four in number, lie in one undivided cavity on each side of the head, supported 
by their gill-arches, and covercid over by tlK'. gill-cover, which is open behind. 
Ill ordinary respimtion the water is taken in by the mouth, and by a kind of 
sw'allowiiig action driven ovtT the gills, after which it is expelled by th(‘ gill- 
opening. Allusion must be made in this place to certain organs known as 
false gills, or Tht‘se are nnjuiins of a gill situated in front of 

the persistent ones, which was functional <luring endnyonic life, but in the adult 
aj)pears m(‘r(‘ly as a plexus of blood-vessels. Although the majority of fishes 
brefithe in the manner indicated above, in many forms this is by no means the 
sole method of r(‘spiration. On this subject Day observes that respiration in 
lishes is carritid out normally, (dther by their using the air which is held in water 
to oxygenati'. the blood at the gills, or “ by taking in atmosplieric air direct, which 
is employed at a special organ, wh(‘re it oxygenates the blood, which can be 
returned for use into the general circulation without going through the gills. 
^dle true amphi])ious fishes i'(5S])ii-(' by the latter method. No doubt we obsei've that 
fishes which normally oxygenate tht‘ir ])lood solely at their gills do I'ise to the surface 
in vt*ry hot weather, when the water is foul or insufficiently charged with air, and 
take in air by the mouth; likewise^, we find that those which mainly take in 
atmosph('ric air direct by the mouth may, to a C(U'tain extent, able to iise their 
gills. If fishes having th(\se two different modes of respiration are jdaced in a 
globe of water, aci’oss which a diaphragm of net is inserted below the surfac??7«o 
as to prevent tludr obtaining access to the atmosphere, those of tlie^. class which 
oxygenate thidr blood at the gills are unaffected, whereas those which have accessory 
breathing-organs and take in air direct die from blood-poisoning.'’ 

due of the most charactei'istic organs of fishes is the air-bladder, which is a 
long sac filled with gas lying in the abdominal cavity, which may be either com- 
pletely closed, or may communicate with the alimentary tract by means of a duct. 
As it is susceptible of compression, its usual function appears to be to regulate the 
specific gravity, or to change the centre of gravity of the fish; but in the lung-^ 
fishes it assumes the characters and functions of the lungs of the higher Verte- j 
birates, to which, indeed, it corresponds. 

Although in the ft*w fishes which produce living young, as well 
Reproduction. . f ^ + 1 ^ 1 w 

as in the sharks and rays, an actual connection takes place between 

the two sexes, ii^ the great majority of the class the ova are deposited by the 

female, after which they are fertilised by tin', male. The bony fishes lay numerous 

eggs which are of relatively small size and may be extremely minute, those of the 

eel being almost microscopic; but there is a considerable degree of variation in 

this respect. In the herring the number of ('ggs in the “ roe ” has been estimated 

at tmmty-five thousand, and in the cod at over nine millions. Only in a cat-fish 

(As 2 )redo), whgre they are pressed into the skin of thej under surface of the body, 

VOL. V. — 21 



322 


FISHES, 


and a pipe-fish {Solenostoma), where tliey are carried in a pouch formed by the 
coalescence of the broad pelvic fins with the skin of the body, is the female known 
to take any care of lier after s])awniji^. Amon<^ the bony fishes there are, 

liowevej*, several instances wliere the yoiin^^ ar(‘ more or less carefully tended by 
the male parent; some, like the sticklebacks, building a nest, while others, like 
cci'tain pipe-fisli(\s, liave an abdominal 2)ouch in winch the eggs mv hatched. 
Th(j eggs of sliarks, rays, and chiimeroids differ i^emarkably from those of bony 
fishes, being large in size, few in number, and lai<l singly instead of in masses. 
They are invested in a hard horny (‘iivelope, wdiich is g(‘nerally oblong in form, 
with th(^ four corners produc(Hl, and fre(juently elongated into tendrils by means of 
whicli tlie egg is moored to some foreign substance. Tiie males of these fishes are 
armed witli organs kiiown as clafij)ers^ which are partially ossified processes arising 
from tlie pubis, and are evidently connected witli the function of reproduction. 
The young of many fishes differ markedly from the adult; and certain pc'culiar 
creatures with long ribbon-like bodies and small heads, for which the name of 
L(‘l)torei>h(di has been proposed, are belitwed to be the young of littoi'al fish(‘s which 
have been carried out to sea, wli(u*e they have undergone an altogether abnormal 
development. The changes which take ])lace in the Hat-fish(‘s during develo])ment 
may be more conveniently noticed under the heading of that group. Although 
male and female rays differ remarkably from one another in the structure of their 
teeth, while both in this group and in tlu? sharks and chim;eroi<ls the males are 
distinguished by the possession of the aforesaid claspers, there is generally but 
little sexual difference among fishes. In tluj bony fishes, however, the IVanales art> 
larger than the males ; among the cy2)rinodonts the diire}’ence between the two 
being occasionally as much as six times. 

Tenacity of Life exhibit a remarkable degi'(*e of difference in n‘gard to 

their 2)ower ol' bearing cliang(‘.s from their normal envii’onmoiit. On 
this STibject Dr. Gfinther writes that, ‘^some will bear suspension of res2)i ration — 
caused by removal from water, or by (‘Xj)osure to cold or beat — for a long time, 
whilst others succumb at once. Nearly all marine fishes an^ very sensitive to 
clianges in the temperature of the water, and will not bear transjiortation from one 
climate to another. Tliis seems td be much less the case witli some fresh-water 
fishes of the tcmjierate zone ; since carp may survive after being frozen in a solid 
block of ice, and will thi’ive in the soiithei'ii parts of the tem^^m'ate zone. On the 
other hand, some fresh-water fishes are so sensitive to a change in the water that 
they perish when transferred from their native river into anotlier aj^j^arently 
offei’ing tlie same jihysical conditions. Some marine fishes may be abrufitly trans- 
ferred from salt into fresh- water, like sticklebacks; others survive the change 
when gradually effected, as many migratory lislics; wliiLst others, again, cannot 
bear the least alteration in the composition of the salt-water (ull pelagic fishes). 
On the whole, instances of marine fishes voluntarily entering brackish or fresh- 
water are very numerous, whilst fresh- water fishes projier but rarely descend into 
salt water.’’ 

The foregoing remarks lead naturally to the subject of the dis- 
tribution of fishes; a subject which the limits of space compel us to 
dismiss with a few sentences. In the first place, we find that many marine fishes 
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Jiave a much loss wide geographical distribution than might at first sight be 
expected ; while, on the other hand, we find families and genera, and ev(in species, 
of fresh-water fishes inliabiting widely separated areas of tlie (^artli s surface. The 
primary division into fnvsli-water and marine fishes does not form sucli a sharply ' 
defined boundary as is commonly supposed; the transition being formed by the 
brack ish-\Vater typ(is, species or ev'en individuals of which can accustom themselves 
to live in either salt- or fresh-water. Then, again, we have certain essentially 
fresh-water fishes, like the salmon and some kinds of cat-fish, which pass a certain 
period of their existence) in the oc(‘an ; while, on the other hand, some marine 
forms, such as sturgeons, periodically ascend idvers for the j^^^^'pose of spawning. 
To a certain extent such habits will help to explain the occurrence of peculiai* 
famili(‘s of fresh-water fishes (such as the chromids of Africa, South America, and 
India) in widely separated areas, although this must probabl}^ be suj)pleineiited by 
dispersal from a common north(‘rn centj*e. 

After tlui sepai-ation of the fresh-water and brackish- water types, the marine 
fishes are divided by Dr. Chinther into a littoral, a pelagic, and a deep-sea group, 
although here, again, no hard-and-fast lin(‘s can be drawn. The littoral or shore- 
iishes are those found in tlxi imm(‘diate neighbourhood of land or sunken shoals; 
the majority living close to the surface, and very few d(\scending as deep as three 
hundred fathoms. Their distribution is determined not only by the temperature of 
the surfac(;-water, but likewise by the nature of tbe neighbouring land, and its 
animal and vegetable pi’oducts; s()n»e of these fishes being suited to inhabit flat 
coasts with muddy or sandy bottoms, while others frequent rock-bound shores 
where ihe watei* is deep, and others, again, congregate round coral-reefs. Cod, 
rays, and flat-fish are wt‘ll-known examples of this group. Pelagic fishes, such as 
tunnies, flying-fish, sword-fish(;s, and sun-fishes, inhabit the superficial layers of the 
open ocean, a])pr()aching the shores only by accident, or in some cases in search of 
food, or foi' the purpose of spawning. Dr. Gunther writes that, “ with regard to 
their distribution, they are still subje.ct to the influences of light and the tempera- 
tures of the surface-water; but they are independent of the variable local conditions 
which tie the shore-fish to its original home, and therefore roam freely over a space 
which would take a fresh-water or shore-fish thousands of years to cover in its 
gradual dispersal. Such as are devoid of rapidity of motion are dispersed over 
similarly large areas by the oceanic currents, more slowly than, but as surely as, the 
strong swimmeTs.’' 

In marked contrast to the last arc the deep-sea fishes, inhabiting the abyssal 
depths of the ocean, where they are undisturbed by tides or currents, and live for 
trhe most part in total darkness ; tli(*ir organisation, in consei][uence of the great 
pressure of the medium in which they live, preventing them from coming to the 
surface in a healthy condition. From the similarity in the physical conditions of 
the ocean-depths in all parts of the world, there secuns no reason why a single 
species of deep-sea fish should not range from the Equator to the Poles ; and the 
abyssal fauha is probably more or less nearly the same throughout the globe. 
These fishes belong for the most part to pelagic families, and especially to such 
types as are of nocturnal habits ; and are characterised by their generally black or 
silvery coloui*, although in a few instances the fin-rays and certain filaments are 
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.scarlet. Writin<^ of those fislies, Dr. Giinther ohserv’i's tliat, the or^ni of sight is 
the first to be afiecie<l by a sojourn in det^p water. Even in fishes which liabitually 
live at a depth of only eij^’hty fathoms, we find the eye of a proportionately larger 
size tlian in tlieir repi‘(\sentativ(5S at the surface. In such fish(‘S the (‘yes increase 
in size with the d(‘j)th inhabited by ili(‘ni, down to the d(ipth of two hundred 
fathoms ; tin*, large eyes b(‘ing neces.sary to collect as many rays of light (is possible, 
B(‘yond that depth, small>e‘yed as well as Jarg(‘-eyed fishes occur; the former 
having their want of vision compensated by tentacular organs of toucli, while the 
latter have no such accessory organ.s, and evidently onlj^ see by the aid of phos- 
phorescence. In the greatest depths occur blind fish(‘s, with rudimentary eyes, and 
without special oigans of touch. Many fishes of the d(‘ep sea are provided with 
more or less luiTiierous, round, shining, m()ther-of-p(*arl-C(jl()ured bodies, (unbedded 
in the skin. Thes(i so-called phosphorc^scent or luminous organs arc^ either bodies of 
an oval or in-cgularly (dliptical shape placed in the vicinity of the eyes, or smaller 
globular bodies arranged symmetiically in series along the sides of the body ami 
tail.” That the function of these bodi(‘s is to p3*oduce phosphor(‘sccnt light may be 
considered certain ; and it is probable that l)oth the tcmtacles and the whole surface 
of the bodies of these extraordinary fish are also phosphoi’(‘scent. Not the least 
remarkable features about the carnivorous deep-sea fishes is the (moi'inous size of 
their stomachs, which enable them to swallow creatures nearly as large as them- 
selves; drawing themselves over their prey almost after the manner of a sea- 
an(im(m(‘. Although when brought to the surface deep-sea fishes are soft, flabby 
creatures, with their scales standing out at right angles, and their eyes starting 
from their sock(‘ts, at their own proper levcd, und(‘r an enormous pn‘ssurc, their 
l)odies are doubtless as firm and compact as those of oi*dinary fish. Deep-sea fish 
certainly live at a depth of two thousand seven hundnjd and fifty fathoms. 

In r(‘gard to geological distribution, it has already been nientiomMl that the 
oldest true fishes occur in strata of upper Hilurian age ; such eai'ly fishes b(iing 
sharks. In the succeeding Devonian and Carboniferous periods, the class was 
abundantly represented, but only by sharks, fringe-finned ganoids, and lung-fishes. 
In the Permian, Tilassic, and Jurassic pe}*iods chiinjcroids, as well as the 
chondrosteous Telcostomi made their appearance ; but it was not till tlie 
Cactaceous epoch that the liigher bony fishes, which are the predominant forms in 
the Tertiaiy i^eiaod and at the present day, were developed. There arc fully nine 
thousand known species of living fishes, wliile considerably more than one thousand 
fossil forms have been already described. 



CHAPTER 11. 


The Luno-Fishk8 and ChimzEroids, — SubcLasses 
Dipnoi and Holocephali. 

The two first subclasses of fislies a^ree with one another, and thereby differ from 
the reniainiiig two, in tlie structure of the skull, in which the hyonmndibular bone 
is widded with what is known as th(^ palatoptery^oid bar (tliat is to say, tlie ])ones 
corresponding with tlie palatines and pterygoids of the higher Vertc^brates), which 
is itself firmly united to 
the cranium proper, so 
that there is no separate 
structure 5 for the suspen- 
sion of th(‘- lower Jaw. 

To this tyj)e the name of 
solif l-skull(;( I (tech nical ly, 
autostylie) lislu‘s may be 
ai)pli(‘d ; and it may be 
noted that this type of 
stnictur(‘ is (‘ssentially tie', 
same as that on which the 
skulls of th(‘ Amphibians 
are formed. In the lung- 
fishes tlu‘ skeleton is par- 
tiall}^ ossified, with well- 
developed membrane- 
bones ; the gill-clefts are 
, but slightly separated, and 
oj^cn into a single cavity 
protected by an external 
cover ; and the external 
skeleton consists of true 
bony tissue. In the 
existing membet’s of the 



ROOF OF TITE SKULL OP THE AUSTRALIAN LUNG-FISH. 

A, anterior, and Zf, posterior median j)late ; C, inner; and />, outer lateral 
plate ; wa, nostrils ; orhy socket of the eyes. (From Teller.) 


group the optic nerves (or 
those proceeding from the 
brain to th^ eyes) simply 
cross one another, without any interlacing of the constituent fibres ; the intestine 
has* a spiral valve ; the air-bladder is elongated, and performs the functions of a 
lung ; and the nostrils open posteriorly by two apertures into the cavity of the 
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mouth, after the manner of the higher Vertebrates. The membrane-hones covering 
the roof of the skull, which are very few in numbtir, cannot lx‘ correlate<l with 
those of the bony fishes; their mode of arrangement being shown in the accom- 
panying figure. The lung-fishes are at the present day re 2 )resented only by three 
genera, with but very h^w species, but they were forimafy a very numerous grou]), 
which appears to hav(^ been on the wane since a very early epoch. , 

The Existing Luncs-Fishes. — Family LEPWO.^iREXiihK 

The three ('listing genera of lung-fishes may be taken as the to pical repre- 
sentatives of an order including several extinct families, and known as the 
Sinaioidc'a. Its essential characters are that the h(‘ad is covered with membrane- 
bones ; that the main dentition takes the form of large grinding plates, situated on 



urriiu PALATAL TEETH OK AN EXTINCT LUNG-FISH {('erato(liis). (From Teller.) 


the pterygoid bones in the upper, and on the splenials in the lower jaw; that the 
body is covered externally with overlapping scah^s ; that the notochord persists 
throughout life ; that the paired fins are of the fringed type ; and that none of the 
fins are armed with spines. The existing forms liave but few membi'anc-bones to 
the skull; no premaxill®, maxilla), marginal teeth, or jugular platt^s; a fringed 
tail, furnished with a continuous vertical fin ; and cycloid scales. 

Australian For a great number of years there were known from the Triassic 

Lung-Fish, f^trata of various parts of Europe fish-teeth of the remarkable typo 
of the specimen represented in the accompanying figure ; and from the fancied 
resemblance to a deer’s antler, presented by these teeth, the name of Ceratodus was- 
suggested for the otherwise unknown fishes to which they pertained. Similar 
teeth were subsequently obtained from Secondary rocks in India and also in South 
Africa, but it was not until the year 1870 that a fish was discovered in Queensland 
having teeth of a similar type. Known to the natives, in common with other large 
fresh- water species, by the name of barrainundi, the Australian lung-fish (C. forateri) 
agrees so closely with the extinct forms that it is usually regarded as generically 
^ identical. Its mouth is furnished in front with a pair of chisel-like teeth situated 
1 on the vomers, behind which come a pair of palatal teeth of the type of the one 
i shown in the figure, but carrying six complete ridges, and an incomplete seventh ; 
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while there are a pair of similar tei‘ih in the lower jaw, carrying only six I’idges 
each. In the living species the teeth of opposite sides are separated l)y an interval ; 
but in the fossil foiaiis they were in contact, and had fewer ridges. The existing 
Australian lung -fishes, of which two species have been described, are said to 
attain a weight of 20 lbs., and a length of up^vards of G feet. The body is 
elongated a^nd much compress(M.l, with very large scales ; the paddle-shaped limbs 
have very broad fringes ; and the flesh is salmon-coloured. From the occurrence 
of masses of leaves in its stomach it is (wident that the Australian lung-fish ci*ops 
the vegetation with its great t(ieth ; but it is believed that the most important part 
of its food consists of tlie small creatures living on and between the leaves of the 



AUSTRALIAN LUNG-FISH (| liat. sizc). 


various water-plants. The stories of the fish coming out of the water to the land 
seem (juite unfounded, as are those that it lies dormant during part of the year in 
cocoons. The female lays her rather large eggs loosely and singly among the 
vegetation, and in the embryo the fore-limbs make their appearance in about a 
fortnight, but th^ hinder-pair not before two and a half months. In the course of 
its development tliis fish presents marked resemblances to the Amphibians, and also 
to the lampreys ; but it is noteworthy that there is no trace of a sucking mouth, 
or of exteri^al gills. As might have been inferred from the study of allied extinct 
forms, the large palatal teeth are formed by the fusion of a number of separate 
smaill teeth. According to Dr. Seiiion, the Australian lung-fish is confined to the 
middle p9rtioii of the Burnett and Mary Rivers of Queensland. Living among the 
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mud and leaves at the bottom, it rises at intervals to the surface to obtain more 
complete oxygenation of its blc)od by the inhalation of atmospheric air into its 
lungs, although its general breathing is carried on by the gills. A grunting noise 
sometimes uttered by this fish is probably produced by the expulsion of the air 
from the lungs wlum it rises to the surface. Althougli frequently termed tlie 
bari-amundi — a title apparently properly belonging to a totally dificreiit fish 
(OfiteogUmmn ) — it appears that the proper native name of the Australian lung-fish 
is dj(ille}i. The breeding-si‘ason is at its height in September and October, but 
lasts from April till the beginning of November ; and the eggs, which are enveloped 
in a gelatinous coat, and are heavier than water, take some ten days to hatch. 

South American. The mud-fish of the Amazons {Lepidosiren paTCtdojra) is the sole 
Mud-Fish. representative of a genus distinguished from the last by the eel-like 
foi’in of the body, on which the continuous vertical fin extends nearly to the neck, 
and by the reduction of the limbs to mere tapering filaments, owing to the dis- 



SOUTH AMERICAN MUD-FISII (1 nat. RlZe). 


appearance of the marginal fringe. The vomerine teeth are conical and pointed, 
and the palatal teeth have strongly marked cusps supported by vertical ridges. 
There are five gill-arches, with four intervening clefts, but there are no external 
appendages above the gill-opening. In adult males the upper surface of the hind- 
limb is beset with tufts of tentacle-like papillae. This mud-fish grows to a length 
of about 4 feet, and occurs not only in the Amazon and its tributaries, but likewise 
in the swamps of the Chako country forming the tributaries of the upper Paraguay 
River. The southern form has been regarded as a distinct species, although the 
differences are so slight as scarcely to merit such a distinction. These fish ‘feed 
chiefly on the large molluscs known as ampullariae, which are found collected in 
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great niasses in the Cliako swamps; their shells being easily crushed by the power- 
ful teeth of their devourers. ^ 

African Mud Fish African mud-fish {Protopteras anriectans), widely spread 

over the tropical regions of the continent from wdiich it takt‘s its 
name, difiers from the last in that the filamentous fins retain a small fringe 
containing I ra^^s ; as well as in having six gill-arches, with five intervening clefts, 
while there are three small tentacle-like appendages above the small gill-opening 
on each side. In the Gambia River, where they are very abundant, these fishes 
are in the habit of burying tliemselves during the dry season, making a kind of 



nest, in which they pass a period of torpidity. Here they may remain for the 
greater part of the year, only resuming their normal aquatic life with the return 
of the sciasons. Professor W. N. Parker, who received some specimens in the 
torpid conditioi>^ writes that about a hundred individuals were dug out and packed 
up in crates still enclosed in the clods of mud. On arrival in Europe the clods 
were opened, and the fishes placed in a tank in a hothouse. The statement of the 
natives thrtt the species grows to the almost incredible length of G feet suggests 
that it must be a very long-lived creature. Fi*om the above-mentioned specimens 
it was found that these mud-fishes grow very rapidly, have great vitality, and, 
although abk) to sustain fasts, are exceedingly voracious, devouring all the snails. 
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earth-worms, and small tish given them, and tlien killing and eating each other, 
making it difficult in tlie (^xtremc^ to preserve the specimens. They are most 
active at niglit, and appear to kt^ep mostly to the shallow watei*, when? they move 
deliberately about on the bottom, altcnmately using the pe'.culiar limbs of either 
side, though th(*ir movements do not seem to be guided by any strict regularity. 
Gray has compare<l these movements to those of a newt, and seytTal other 
observers have noti(*A‘d tliem. The powerful tail forms a most efficient oi'gan for 
swimming rapidly through tlie water. It is well known that this tish comes to 
the surfac(i to breathe at short intervals, and tlius it is evident that the lungs 
perform an important, if not tlie chief, part in rtsspiration during the active life of 
the animal. Tlui air passes out again tlirough the opei*cular aperture, and the 
movem(‘nts of the operculum itself indicate the fact that bronchial as well as 
pulmonary respiration takes place. Externally, the s(‘xes presc^nt no characters 
whatever distinguishing them apart. As in the Amei’ican S 2 :)ecies, (external gills 
are develojied in the young. As regards th(‘. bre(‘ding-habits of these* tish(‘s nothing 
very delinite is known. It is stated, howevt*!*, that the numerous eggs and embryos 
are carried about in an (;longated gelatinous pouch attached to the sidi^s of the 
back of one of tht* parents, although th() sex in whieli tlu^sc* r(‘C('ptach‘s ai't* develu])(‘d 
does not appear to liave been ascertain(‘d. In conclusion, it may lx*. obst‘rved that 
Prof(‘ssor Parker is of opinion that although the lung-tishes prt‘sent certain 
res(*mblances on the one liand to sonai of the sliarks and ganoids, and on the otlier 
to the lower Amphibians, yet they appi‘ar so <listinct from botli tliat lie tliinks 
they ought to be r(anov(‘d from tin* fishes to form a class by themseK'cs. 

Extinct 111 the Palmozoic epoch lung;-fislies formed an ahundant group, 

Lung-Fishes, -which may be divided into tbri‘(‘ families. Of these tluj Carboniferous 
and Pcaanian (^ft^nodouf i(l<r^ an represented hy and rtssemble 

the existing forms in the absence of marginal teeth to the jaw and of jugular 
plates on tla^ throat, hut difTer by the nuiiKTous nieiid)i*ane-bones of the skull; the 
caudal tin being of the fringed type, and the scales cycloidal. The type genus, 
which inclu<]es speci(*s of 5 feet in length, takes its name from the comb-like 
structurfi of th(5 ridg(‘d palatal teeth. The second family, PIni ii(n'o])lciirida\ differs 
from the last in the. presence of both marginal teeth and jugular plates; tlie 
typical genus Fhanero/deuruin, including small species from the Devonian. In 
the Dipteridai, as represented by the Devonian Dipterun and P(diVxlaph uSy jugular 
plates are present, but there are no marginal teeth, and the tail is of the hetero- 
cercal type : the skull having numerous membrane-bones. The teeth arc very 
similar to those of the Australian lung-fish, but may be ornamented with small* 
ridges and pustules. 

The Beuky-Bone Fishes.— Order Arthrodiha. r 

The extraordinary Palfeozoic group typically represented by the beiTy-bone 
fish (Coccosteufi) of the Scottish Devonian differs from the true lung-tijjhes in that 
in place of scales the fore-part of the body is protected by large bony plates, of 
which one pair is articulated by a hinge to tlie hinder-part of the skull, which is 
likewise invested with bones bearing a similar pustular, or berry-like sculpture* 



CHIAL£ROIDS. 


33 1 

The fore-limbs wore either rudirnental or wanting; but a pair of j)elvic fins were 
developed. Most or all of the forms may be included in the single family 
(U)CCOstei(lni\ and 
amon^ these the 
typical ^erms is dis- 
tinguished ^by tlie 
absence of finy 
pectoral fin, while in 
the allied B rffch 

, . . , . , PARTIAL RESTOUATION OF THE RERRY-BOXE FISH. 

(f tt'iis this appendaire a « a*. i i s 

. ^ ^ (From A. b. Woodward, taf. I'oss, Jushesf^ lint. Mt's.) 

IS represented by a 

liollow spine. In both these the sockf‘ts of tin*, eyes foi'iu nolelios on tlie sides 
of the skull ; and the same is the case with th(', ^i^antic JB iilrjfflt t/s of tln^ North 
American Devonian. In anotlier ^xrouj:), howev(‘r, as represeiitiMl liy the 

eye-sock(*ts were completely enclosed in the memlmuui-bones witli wliieh the hi'ad 
is covered. 

The ('.HIM.KIKUDS, — Subclass Holocephali. 

Reprcsent(Ml by thiT^e existing* marine oenera^ of whicli one has thrt‘e, the second 
one, and the third two specie's, and a number of I'xtinct typt\s, tin* chiimeroids form 
a second subclass, a^nvein^ witli the lun^-fishes in tli(;ir solid (autostylic) skulls, f 
but ditl’erin^ by the total absence of immdirane-bones, and tlu'ir su})erficial external j 
resemblance to shaj*ks, Tlie skeleton is cartilaginous, witli the notochord eitlu'r 
persistent, or constricted and surroundi'd by cartilaginous rinos, which are some- 
times partly calciti(‘d ; and in th(5 adult the skin is frequently quite nak(‘d, although 
in the young it may bear on the back a series of structures similar in composition 
to tcieth, some extinct forms having plates of the same nature. In the existing 
members of the group the optic nerves simply ci-oss one anotlua , ainl the int<‘stine 
has a spiral valve; while further resemblances to the sharks an* shown by the 
])resence of claspcTs in the males, and also by the large size and small number of 
th(i single eggs. The four gill -clefts open extt‘rnally hy a single aperture on each 
side, protected by a fold of skin containing a cartilaginous operculum. 'The mouth 
is situated at the extremity of the muzzle, and the teeth on the palate and lower 
jaw are molar-like, while there is also a small pair of cutting vomerine teeth in the 
front of the upper jaw; the whole dentition thus closely corresponding to that of 
the lung-fishes, although there are two pairs of upper palatal teeth, which present 
certain hardened areas known as irltors. The pectoral tins are shortened, without 
the segmented axis of the lung-fishes ; and the first dorsal fin may have a movable 
spine articulated to the spinous processes of the vertebrae. The sides of the body 
show a lateral line ; but there is no air-bladder, and the nostrils do not open 
behind into the cavity of the mouth. It has been suggested that the chimneroids 
indicate a degenerate group nearly allied to the lung-lishes, which have lost the 
membraiie-b^nes of the latter, and acquired a superficial resemblance to sharks. 

The ugly fish, to which the name chimiera has been applied {Chimctmi 
together with two other existing species, typically represents the 
family ChimoiridcOy which alone has survived to the present day. The family is 
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characterised by the presence of a spine to the first dorsal fin, and also of a 
prehensile spine-like structure on the heads of the males ; there are no superficial 
plates on the skull, and only a single pair of lower teeth. The family, which 
contains a number of extinct genera, mainly distinguished from one another by 
the characters of the triturating areas on the teeth, dates from the Lias ; the 
typical genus being, however, unknown before the latter part of the Tertiary 
period. The living chimooras do not probably exceed 5 feet in length, and have 
the soft muzzle devoid of an appendage. The dorsal fins occupy the greater part 
of the back : and the longitudinal axis of the long filamentous tail is nearly 
continuous with that of the back, its extremity being provided above and below 
with a long, low fin of the diphycercal type. The common species represented 
in the annexed coloured Plate ranges from Europe and Japan to South Africa; 
while 8 second occurs on the Pacific Coast of North America, and a third oft* 
Portugal. The southern chimfera (Callorhynchus antarcticAifi), from the southern 
temperate seas, dift*ers from the preceding genus by the presence of a cartilaginous 
prominence, ending in a flap of skin, on the muzzle, and likewise by the upward 
dii'ection of the extremity of the tail, which has no fin on its upper surface. A 
fossil representative of this genus occurs in the Cretaceous rocks of New 
Zealand. The third genus, Haroltia, distinguished by the extreme elongation of 
the snout, is represented by one species from the Atlantic, and a second from 
the Pacific. As well-known extinct types of the family W(i may refer to the 
Cretaceous and Tertiary genera Edapliodon and Elasinodufi ; the fonner inclutling 
fishes of gigantic dimensions. The members of the extinct family Mijria- 
C(fnthid(V^ of the Jurassic rocks, differ by having a few bony plates on the head, 
and three lower teeth ; while the Sqvaloraiidce, as represented by Squaloraia of 
the Lias, were somewhat ray-like forms, with a depressed trunk and edongated 
muzzle, and no spines to the dorsal fins. The subclass appears also to be repre- 
sented Piiheozoic times, the Devonian Ptyctodiis indicating a family which 
cannot at present be fully defined. 





CHAPTER III. 

The Bony Fishes and Canoids, — Subclass Teleostomi. 


Formerly the typical bony fislios of the present flay were re^ai’ded as indicating a 
primary group (Telcostei) of equal rank with a second one known as the Ganoidei ; 
the latter containing the American bony pike, and the African bichir, together 
with a host of extinct gen(?ra possessing a similar armour of hard ganoid scales. 
A fuller study of tlu‘S(i and other allied fossil forms has, however, shown the 
existence of such a complete transition from these so-called ganoids to the typical 
bony fishes that it lias become necessary to include the wliole of them in a single 
subclass, under the title heading this chapter. Although there is still some degree 
of uncertainty as to the best mode of arranging certain groups of the bony fishes, 
the following scheme may be tempoivarily adopted : — 

1. Order Actinopterygii — F an-Finned Grou]). 

(1) Suborder^ [ Acanthopterygh— S pine-Finned Fishes. 

(2) 2 Lophobranchh— T uft-tJilled Fishes. 

(8) S Plectognathi— C omb-Oil led Fishes. 

(4) ., £ [Ana(^anthini— S oft-Finned Fishes. 

(5) „ Pn YSOSTOMi — Tube-Bladdered Fishes. 

(t)) „ Thospgndyli — Lepioh^jyis, 

(7) ., yETHEcKSPONDYLi — Boiiy Pike. 

(8) „ Protospondylt — A mioids. 

(9) „ CnONDROSTET — SturgCKUlS. 

2. Order Orossopter YOU — F ringe-Finned Group. - \ ' ^ 

In this wide sense the subclass differs broadly from the two preceding ones in 
the structure of the skull, which is formed on what may be termed the hinged type 
(Ityoslylic ) ; that is to say, the palato-pterygoid bar remains separated from the 
cranium proper, to the liinder-part of which it is movably articulated by the 
intervention of the hyomandibular. The internal skeleton is more or less ossified, 
with the development of membrane-bones on tlie jaws ; the gill-clefts are but 
slightly separated from one another, and are fully protected by au operculum ; the 
membrane-bones qf tlio pectoral girdle (that is to say, the scapula, claviculars, etc.) 
are connected with the hinder-part of the skull ; and the external skeleton takes 
the form either of plates of bone or of calcified overlapping scales. In existing 
forms the eggs are small, numerous, and generally massed together ; the two optip 
nerves may either simply cross one another, or may give off mutually interlacing 
air-bladder — with or -y^ithout a duct — is very generally present; and the 
intestine may pometimes be furnished with a spiral valve. 
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Fan-Rnned This j^roup — Actinopterygii — includes all the bony fishes oP^ the 

Group. present day, as well as the sturp^eons, and is characterised by the 
fan-like structure of thc^ paired fins, in which the proper internal skeleton is 
abbreviated to make way for the greatly developed dermal fin-rays; the caudal 
fin being of very variable structure. In the branchiostegal membrane, occupying 
the space between the two branches of the lo\\;er jaw, there is alw^ays a paired 
series of transx ersely elongated rays. The first eight suborders of this order, given 
in the table on p. form one great division cliaracteris(*d by tl)e number of 
dermal rays in tlie dorsal and anal fins being ecjual to that of the supporting 



PIKE-PERCH AND COMMON PERCH (j liat. size). 

bony tdements, and by the tail being never heterocercal,^ but usually either of the 
abbreviate-heterocercal or homoccrcal type, although occasionally diphycercal. 

Spine-Finned In the classification proposed by Professor Cope the first four 
FWhes. suborders of the fan-finned group given in the foregoing table are 
regarded as a single group, under the title of Physoclysti, and, in common with 
the tube-bladdered fishes, have the fibres of the optic nerv'os interlacing, the intestin^ 
without a spiral valve, and the skeleton fully ossified. From the Physostomi, the 

1 Id the heterocercal type the upper lobe of the tail is the longer, and the vertebral colunm is contiruied up 
.into it ; in the abbreviate-heterocercal the tail is symmetrical, ai»l tlie vertebral column complete but bent up 
into its upper half ; in the honiocercal type the tail is also symmetrical, but the vertebrte stop short a* its base, 
where the latter ones are aborted into a mass ; iu the diphycercal form the vertebrae are continued without abortion 
along the middle line of the symmetrical taibfiu. i 
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Physoclystous group are distiiiguislKMl by the general absence of a duct to the 
air-bladder (when present), l)y the i>arietal bones of the roof of the skull being 
always separated from one another by tlie intervention of the supraoccipital, and 
by the i)elvic tins being in iiHjst cases either tlioracic or jugular^ in position. 
Regarding, liowever, tlie spine-finned Hslies as constituting a separate vsuborder, 
they are distinguished, in addition to tlie foregoing characters, by some of the 
anterior rays of the dorsal, anal, and j)elvic tins usually taking the form of strong, 
unjointed, bony spines. It must, however, bi*. acknowledged that this character is 
one of but little importancii; some of the hair-tails {Trichiuridev) scarcely possess- 
ing what can be denominated true spines, wliile these are also wanting in the 
family (Scoiuhresoe id<v) to which the Hying-tishes belong. In all cases the gills 
are comb-like, the pectoral arch is suspended from th(i skull, and intcrclavicles 
arc wanting. 

The Perch Tkthe, — Family Peucidj^:. 


The first I'opresentatives of the spine-finned fishes are the perches, wliicli, with 
several alli(id families, belong to a sectional group {Pfvvi formes) of the suborder, 
characterised by the low{‘r pharyngeal hones biang generally separate, and the 
scales usually of the ctenoid type. The preopercular bone of the gill-cover has no 
bony stay connecting it with tlu^ eye; the spinous portion of the dorsal fin is well 
developed: none of the additional ril)-like bones known as epipleura ai*e attached 
to the bodies of the vertebral ; the ])elvic fins are thoracic in position, and have 
usually five (rarely four) bi’anchcd rays; and the supporting bones (pterygials) of 
the pectoral tins ai*e longer than broad, and of a more or less distinctly liour-glass 
form. The yierch family, as resti*icte<l by Mr. Boulenger, is distinguished hy the 
following charact(‘rs. In the skt*leton the anterior vertebi‘ai have no transverse 
processes, but in the dorsal part of the series all or most of thi^ ribs are attached 
to such process(*s. There are two nostrils on each side ; the gill-membj*anes are free 
from the isthmus, or space betw('eii the two ]>ranches of the lower jaw and gill- 
openings; there are four pairs of gills, with a slit behind the fourth; the gill-rays, 
or branchiostegals, vary from six to eight on each side ; more or less fully- 
develop(‘(l false gills are generally present ; the soft portion of the dorsal fin is not 
very much more developed than the anal ; and the latter has either one or two 
spines. In common with the two following families, the jierches are fuHher 
characterised by the general pres(*nce of a lateral line, continuous from the head to 
the tail, the usual abstaice of scales from the median fins, the simple conical teeth, 
and the absence of barbels round the mouth. In form the body is more or less 
elongate, compressed, and cylindrical, although rarely it may be slightly compressed. 
As now restricted, the family includes a dozen genera inhabiting the fresh waters 
of North America, Europe, and Western Asia; but the members of the genera 
Lnciopemt and Percarhia enter salt water. All are carnivorous. 


True Perches. 


The common perch {Perea fiuviatilis), which is a fish of wide 
. distribution, and one too familiar to recpiire detailed description, is 


the type of a small genus, agreeing with eight others in the following characteristics. 


^ I'liey are said to he thoracic when in the same vertical line as the pectoral tins, and jugular when in advance 
of them. 
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111 tlio head the mucus or sliine-caufils, are but moderately or slightly developed on 
the top and at the sides ; and the spinous and soft portions of the dorsal tin are 
separate. In common witli six other genera, the body is more or less compi'essed ; 
the perches and pike-perches being specially distinguished by having usually seven 
(rarely eight) gill-rays ; l^y the premaxillre, or anterior uppc'r jawbones, being 
capable of protrusion ; and by the serration of the preopercular bone of the gill- 
cover. As a genus, the true pci'ches are distinguished from the pike-perches by 
the small and uniform size of the marginal teeth, and the close approximation of 
the p(dvic lins. There are teeth on the palatine and vomerine bones, but none on 
the tongue, and there are thirteen or fourteen spines in the first dorsal fin, and two 
in the anal. The scales are small, the upper surface of the head is naked, the 
preorbital as well as the preopercular bone is serrated, and there are seven branchio- 
stegal ra^^s, and moi'e than twenty-four vertebra). As in most of thi^ members of 
the family, the mouth is capable of a certain degree of protrusion. The common 
perch, which seldom exceeds 5 lbs. in weight, is distributed over the rivers of 
Europe (except Spain) and Northern Asia as far east as Lake Baikal : two others 
being known, namely, P. Jiavescens from the Eastern United States and P. schrenki 
from Turkestan. Generally preferring still waters, and occasionally <loscending 
into estuaries, the perch is one of the most voracious of fishes, feeding indiscrimin- 
ately upon worms, insects, and small fishes. The spawning-season in England is 
at the end of April or May, when the female deposits hei* eggs in net-shaped or 
elongated bands on the leaves of aquatic plants. The eggs axv ^'ery numerous, 
upwards of two hundred and eighty thousand having been taken from a fish of 
A lb. in weight. Fossil remains of the genus occur in tlie Miocene rocks of (Eningen, 
in Baden, and those of the extinct Parajwrat in the upper Eocene of Provence. 

Pike-Perclies pike-perches, of which the common European representative 

{Lucioperca Simdra?) is shown in the upper figure of the illustration 
on p. 334, are inhabitants of many of the lakes and rivers of Europe*, Westcu'ii 
Asia, and Eastern North America, and take their name from their somewhat 
elongated and pike-llke form. From the true perches they differ by the presence 
of more or less enlarged tusks in the marginal series of teeth, and by the wider 
intei'val between the pelvic fins. The two dorsal fins arc rather low, the first 
having from twelve to fourteen spines ; and the scales are small. The common 
species, which is confined to Eastern Europe, where it is much esteemed as a food- 
fish, grows to a length of 3 or 4 feet, and attains a weight of from 25 to 30 lbs. 
Its extreme voracity and destructiveness to other fish render it an undesirable 
inhabitant of preserved waters. 

Danubian The two small and rather elongated perches represented in the 

Perches. upper part of the illustration on p. 337, the larger of which is 
known as Asi^ro zingel and the smaller 'as A, inUgariSy may be taken as repre- 
sentatives of a subgroup distinguished from the foregoing forms and their allies 
by the body being cylindrical or somewhat depressed; while from two allied 
genera they are distinguished by the maxilla or main upper jawbone, being covered 
by the preorbital bone, and by the premaxilla being free only at the side. The 
body is elongate and nearly cylindrical in form; and the mouth situated on* the 
lower surface of the thick and somewhat projecting muzzle. All the teeth of the 
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jaws are of small and uniform size; and teeth are present on the vomer and 
palatine bones. The anal fin lias but a single spine ; although the margin of the 
propercular bone is serrated, that of the preorbital is smooth; and the scales are 
small. These fishes inhabit the Danube and certain other European rivers. 

Under this name, which belongs properly only to the British 
Ruffes. ^ included a few small perches, of which the typical 

representative {Acerina cernnn) is shown in the lower figure of the annexed illus- 



LAIIGKR AND SMALLER DANUBIAN PERCHES, AND RUFFE Iiat. size). 


tration. From the other members of the family this and the allied genus Percarina 
differ by the large size of the slime cavities on the sides and top of the head ; the 
ruffes being specially distinguished by the dorsal fin being undivided, and also by 
the maxilla being covered by the preorbital bone. The fishes of this genus have the 
body somewhat low, and the scales somewhat small ; the continuous single dorsal 
fin carrying from thirteen to twenty -nine spines ; and there being two spines in 
the anal fin. There are no tusks among the small teeth of the jaws, and the 
tongue and palatine bones are devoid of teeth, although these are present on the 
vomer. The genus is confined to the cooler portions of the Northern Hemisphere, 
VOL.V. — 2 2 

( 
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tlic coiiiiiioii species from Britain tlirou^Ji C(‘ntral Europe to Siberia. 

The “ l)Op(s” as tlic ruffe is fre(]ueiitly called in England, is common in most of the 
rivers find canals of that country, gen(*rally preferring slow, shadc^l streams, with 
a grav(‘lly bottom, and closely resembling the perch in its mod(^ of life. 

Family Hej-e may be mentioned a small family, witli ten genera of 

Centrarchidae. porch-like fishes, distinguished from the Ptn^vidai and tle^ following 
family by the mode of attachimait of the ril)s, which, with the exc(*i)tion of the 
last, or last two or four, are ins(‘rte<l on the bodies of the V(‘rtebiTe heliind tlui 
transverse process, instead of the process its(df; all the verte])ra> in front of the 
tail, save the first two or three, having such processes. Extei’iially these fishes 
(lifter from tlie perclu^s in the pr(‘senc(^ of at least three spin(‘S in tlu^ anal fin. 
The family is typifi(M I by the North American genus ( VaZ/Y/cA as, of which tlieri' 
is but a single sp('ci(*s. All arc^ (iaimivorous fresh-water fishes, sometimes entering 
estuari(‘s, and many ai*e in the habit of building nests for tlK*. protection of tludr 
young. 

Bass axd Sea-Pkrcmes, — Family Sriiuxi/lk 

Although usually included in tluj Pcrri(l<r, with which they agre(‘ in the 
structure and relaticms of the vcTtebrjc and i‘ibs, the sea-perches and their allie s 
are Regarded by Mr. Boulengcn* as representing a family by th(‘nis(‘lves, on account 
of the circumstance that the second suborbital bone dev(‘l(j])S an int<‘rnal jdate- for 
the support of the eye. The numlxu* of spines in the aiial fin is variable: and in 
on(‘ genus ((^('vfn^jenys) tlui lowiw pharyngeal boiu^s are uniitMl. TIkj family is 
a v(uy extensive one, and may ])e dividcsl into s(‘veral sul)family groups. 

South American Together with the sea-p(wch(‘s, the bass ri^prc'sent a subfamily 
Perch and Bass. (^Srrrdni/niv) ])res<‘nting the following characteristics. The upjxu* 
jawbone, or maxilla, is exposecl, its upper border imt being (‘iitirely conc(‘al(.Ml by 
the oveidapping precnbital ; the scal(‘s are not shed; th(‘re is no scaly proc(‘ss at 
the bases of the p<dvic fins; the anal fin has three spinels; tln^ gill-membran(» is 
free behind; and tlu^ false gdls are W(dl d(?veloped. In distribution th(‘ subfamily 
is cosmopolitan, and whilt^ imjst of tlie fonjis ar(i inailm', a f(AV inhabit fresh 
water. Among tlie lattei- may be mentioned the South Ameilcan p(‘rch 
(Percirhihys), of Chili, Wesbuii Argentina, and Patagonia, which, in c(3nimon with 
five other genera, has a divided dorsal fin. From an ordinary perch these fish 
may be (fistinguished by the scaly upper surface of the head, and the presence 
of nine or ten sjiines in the fn’st dorsal, and three in the anal fin. To this section 
of the subfamily also belong the bass (Moronr)y which ari^ partly marine and jiartly 
fresh-water fishes, easily distinguished horn the true perch by having only nine 
spines in the dorsal fin, while there arc usually three in the anal. Tlnjre are also 
teeth on th('. tongue ; and while the preopercular bone is serrated, with denticula- 
tions on its lower bord(‘r, the front border of the pr(‘.orbital bone is entire. 
The scales are rather small, and extend all over the head. Of the three European 
and Atlantic species, which are almost entirely marine, the best known is the 
common bass lidmtx), represented in the upper figure of the illustration 
oil p. 339, and characteriseHl by its extreme voracitj" and fierceness. Elsewliere, 
the genus is represented by fresh-water species from the rivers of the United 
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States and Canada. Fossil s])eeies occur in the middle Eocene of Italy. Generally 
n(3t oxceedino’ a foot or 18 inches in Itaigih, the common species may grow to 
8 feet; but its flesh is then much less (hdicab* than that of ordinary specimens. 
Bass fre(iuent the coast in shoals, spawning in summer generally near the mouths 
of rivers, iip which they not unfrecpiently asceml for considerable distanc(‘s. 



CMhMMON HASS, SKA-l’EHCH, AND STONE-BASS imt. si/.c). 

In the other genera of the subfamily tlu', dorsal fin is undivided, 
Sea-Perch. . 

although it may be din^ply notched ; the number of its spiiK's being 
generally nine op eleven, although there may be eithei- eight, ten, or twelve. 
XTnder the common title of sea-pei*ches may be included the members of several 
allied genera, such as (\nifropristes and A although the name is often 

restricted tf>. those of the typical genus >SVrrrn? one of which {S. scriha) is 
represented in the middle figure of th(i above illustration. In the sea-perches the 
bodj3- oblong or compressed, and covered with small ctenoid or cycloid scales ; 
there are hivga tusks among the villiform teeth of the jaws ; and teeth are also 
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pi'eseiit on the palatines and \'oiners, although absent from the tongue. The 
proopercular bone is serrated bcdiind and at the angle, but not inferiorly; and 
the tail-fin may be either rounded, squared, or emarginatc. The sea-perches of 
the genus of which thei'o are an enormous number of species, range 

through the seas of all the tropical and temperate regions, occasionally ascending 
tidal rivers for short distances in pursuit of prey, but being otherwise strictly 
marine. Many of the species vary considerably, both in colour and in the form 
of their tins, with age, so that specific distinctions are difficult to establish. 
Extinct species of tliis genus, as well as others belonging to Lates, occur in 
the middle Eocene deposits of Italy. 

The fish represented in the lower figure of the illustration on 

Stone-Bass. ^ 

p. 339, and commonly known as the stone-bass {Polyprion cernuum), 
is one of two species constituting a genus distinguished from the last by the 
absence of large tusks in the jaws, and the presence of teeth on the tongue ; 
the single dorsal fin having eleven or twelve spines, and the anal three. The 
preopercular bone is denticulated, and there is a strongly marked rough longi- 
tudinal ridge on the opercular. The common species is abundant on the 
European coasts, while the second is from the seas of Juan Fernandez. Both 
attain a very large size, ranging in weight to 80 lbs. or more, their ilesh being 
of excellent quality. The European stone-bass freejuents the neighbourhood of 
floating wood, probably for the purpose of feeding on the creatures to bo met with 
around such objects. 

Oriental and The two species of the genus Lates ^ one of which (X. ^n iloticus) 
African Perches, inhabits the mouth of the Nile, while the second (L. calcarifer) 
I’anges from the sliores of Baluchistan through the Indo-Malayan seas to China 
and Australia, may be taken as representatives of another subfamily {Centro- 
pomima^y with three genera; this subfamily diflering from the last by the 
extension of the lateral line on to the tail-fin, the presence of a scaly process at 
the bases of the pelvic fins, and the small size or absence of the false gills. 
Having no teeth on the tongue, and a divided dorsal fin, these fish may be 
distinguished externally from the true perches by the presence of seven or eight 
dorsal, and three anal spines. Both tlie preopercular and preorbital bones are 
serrated, and the latter denticulated at the angle ; the finely pectinated scales 
being of moderate size. The Indian perch, which may grow to a length of 5 feet, 
is the only Oriental member of the family which commonly ascends rivers to any 
distance. When taken in the larger rivers its flesh is excellent for the table, 
great quantities being sold in the Calcutta market, where it is commonly known 
by the name of cock-up. The allied genus Psammo 2 >erca is represented by two 
species, one ranging from Australia to China, while the other is exclusively 
Australian. There are many other generic representatives of this extensive 
family, which are far too numerous to mention, no less than twenty-seven 
occurring wdthin the limits of British India. Among these the Indian genus 
PristipoTYiay which is referred by some writers to a separate family, is I’epresented 
by extinct species in the middle Eocene of Italy ; and it may be mentioned here 
that the earliest known forms of the family are the extinct genera Podocyi and 
Acanus from the lower Eocene of Switzerland. 
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The 8cat.y-Fixned Fishes, — Family Cii.ltodoxtidie. 

Nearly uUukI to tJuj ixjrclies, the beautirtil tropical tisluNS, (l(‘Hi^nated scaly- 
tinned fislies, are so iianu‘<l on account of the cliai'acteristic feature of th(^ median tins 
l)ein^ more or less tliickly cov(‘red witli small scales. In addition to this distinctive 
feature, the«e fishes aiHi characterised by the deep and compressed form of the body, 
on which the scales ai’C either ctenoid or entire, and the continuous latei*al line, 
whicli stops short of the tail-tin. The mouth, which is ^(‘Jierally small, is plaC(Ml 
at the extremity of tlui muzzle, ami has a distinct labuiil chd't, and the eyes an*, on 
the sidtis of the hea<l. The small teeth arc arranged in bands, and there are neither 
tusks nor incisors. The soft j)ortion of th('. single dorsal tin is rather longer than 
the spinous; th(i anal has three or four spines; the low(‘r riiys of the ])ectorals 
ai‘o bi*anched; the pelvic pair arti thoracic in position, with one spine and five 
soft rays; and the scaling of the m(‘dian fins causes tluan to pass imperceptibly 
into the body. The grcait niajoilty of these cuilous and b(‘autiful fishes are 
inhabitants of tropical sc^as, and are V(‘ry gmun-ally found in the n(‘ighbourhood 
of coral -nad's ; but some ascend estuari(‘s and tidal rivers, although but a 
comparativ(‘ly short distance. All an^ carnivorous, and of relatively small size, 
v.'hile they are but seldom used for food. Tln^ three geni'ra of which t;xamj)les are 
]’e])r(jsented in our illustration are those in which the zebra-like coloration attains 
its most mark(Ml and striking d(‘Vt‘lopment ; and for the beauty and singularity 
of their adornment th(\S(i fishes ar<‘ almost une(pia]led. Out of a large numbei* of 
existing genera it is to tlnsse that oui‘ attention will be childly directed; and it 
may be rcunai'kisl that th(‘. whole of them are met with in the Indian sc^as. 
Extinct speciivs of zebj’a-fish bcdonging to (‘xisting geni'ra are found in the 
middle Eocen (3 of Italy, among these bdng ihv. Indian and Australian gimus 
Toxofes'. An extinct giuius has been recorded from the Cretaceous of West])halia. 

Tht‘ tyjacal genus C/Hrf<j(/oii belongs to a group of gimera in 
which there are no teeth on the voimu-s or ])alatine bone, wdiile the 
spines of the dorsal fin ai'c not s(‘ 2 mrated from the soft rays by a liollow oi* notch, 
and th(‘re is no spine to the preopercular bone; th(3 genus in (juestion being 
particularly distinguished by the short or moderately long muzzle, and the 
approximately unifoi*m length of the spines of the dorsal tin. These fishes arc 
common in the tropical ri'gions of the Atlantic and Indo-Pacific oceans, wluu’e they 
tiiv. repres(*nted by some seventy spijcies. Nearly all are ornamentiid with bands 
oi* spots ; a dark, or two-coloured band, jmssing through the vyo and then inclining 
backwards, being very characteristic. Of the sjiecies representt;d, (L .srfl/er, 
ranging from the lied Scvi to Polynesia, is roailily rijcognised by th(3 elongation of 
the fifth ray of the dorsal fin, behind the base of which is a large da)*k spot 
with a light rim; C. irifasciatvH, which also has a similar range, but reaches the 
coasts of India, is inarkcul by numerous fine longitudinal stripes on the body, and 
several dark bands across th(‘ head. On th(3 other liand, iti (I fiisciafus, of the 
Indian and Malayan seas, the body-stripes are obli(pie, and there is a single dark 
band ao'oss the head. 

Especial interest attaches to this gums, which contains but few 
^sp(icies, an<l (lifters from the last by the elongation of the muzzle into 


Chelmon. 
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a tube-like form, on account of tlu3 habits of one of its two Indian species (Chelmon 
rostraixis). Of this fish, which lias four dark bands on the head and body, and 
an eye-spot on the soft dorsal fin, J. A. Schlosser wj'ote many years ago that it 
frequented the shores and sides of tlie sea and rivers in search of food, and that 
when it detected an insect perched on a plant it swam to within a distance of from 
four to six feet, and then with surprising dexterity ejected out of its tabular mouth 
a single drop of wat(U’, which never failed to strike the object aimed at into the 
water, where it was immediately seized by the fish. Some of these fish kept in 
tubs of water were seen to exercise their shooting powers even under these some- 
what unfavourable circumstances. Somewhat later a Mr. Mitchell observed the 


Holacanthus. 


same action in some of these fish kept in a pond near Batavia about the year 1 828. 
Curiously enough, in spite of these circumstantial statements, this capacity for 
ejecting water was transferred to a short-snouted member of the present family, 
which received its name of Toxoies from this presumed power. Bleeker states, 
however, that when in Batavia he never witnessed this act, which is one the 
mouths of these fishes would appear quite incapable of performing. 

The fish (Heniochus viacrolepidotus) numbered 4 in the illus- 
tration on p. 842, is a common Indo- Pacific member of a genus 
differing from Chwtodon by the more or less marked elongation of the fourth spine 
of the dorsal fin, which in the figured species assumes the form of a whip-lasli. 
Broad dark bands across the body are very characteristic of the genus; and in 
the young the head is armed with numerous horn -like processes, which are 
permanently I’etained in a species named IL variiis. 

The two large fishes shown in the illustration, swimming towards 
Hol&cftntlius. . ” .... 

the left, belong to a genus distinguished from all the foregoing by the 

presence of a large spine on the hinder-edge of the preopcrcular bone ; the dorsal 
fin having from twelve to fifteen spines. The genus includes some forty species, 
with the same range as the typical representative of the family. The splendidly- 
coloui'ed emperor-fish (//. hnperafor), shown on the right si<le (fi* the illustration, 
ranges from the east coast of Africa to the Indian and Malayan seas, and has the 
ground-colour of the body a deep blue, upon which are some thirty longitudinal 
golden-yellow stripes. The eye-stripe and a patch above the pectoral fin are black 
edged with yellow ; and the tail-fin is uniformly yellow. This species, which 
attains a length of 15 inches, is extensively used in India for food. Beautiful as it 
is, it is exceeded by the Indo-Malayan zebra-fish {H, diacantImH). In this species 
the general colour is yellowish, with from eight to twelve vertical brown-edged 
blue bands; the caudal fin is yellow, and the anal marked with bluish lines running 
parallel to its margin. The genus Scatophagufi may bo given as an example of a 
group in which the spinous portion of the doi-sal fin is devoid of scales and separ- 
ated by a deep notch from the soft part, so that there are practically two dorsals. 
The above-mentioned Toxotea, on the other hand, constitutes a group by itself, 
in which there are teeth on the palatines and vomers, and tlie body is oblong 
and much less deep than in the typical forms, with the undivided and five- 
spined dorsal fin situated in its hinder-half. It is represented by throe species, 
ranging from the Red Sea to the seas and estuaries of India, Malayana, and 
Polynesia. 
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The Red Mullets,— Family MULLIDJS. 

Two long erectile barbels dependenl from the lower jaw serve at once to 
distinguish the red mullets from all the preceding families, with which they 
agree in the characters already mcaitioned. Jn these well-known fishes the body 
is rather lowland somewhat compressed, with large thin scales, of which the edges 
may be very finely serrated. The lateral line is continuous, and the moderate- 
sized eyes are situat(Ml on the sides of the head. Tlie terirdnal mouth has a 
rather short lateral cleft, and the ti^eth arc very feeble. There are two short 
dorsal fins, placed at a considerable distance from one another ; the spines of the 
first being weak, and the st^cond being placed above the anal, which it resembles in 
form. The ventrals have one spimj and fivcj rays, and the pectorals ai'c short. In 
place of the seven branch iostegal rays of the pci‘chcs, the red mullets have but four. 
Represented by something like forty species, the red mullets, which range over the 
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seas of Europe and the tropics, are typically represented by the genus Mnlhis, of 
which there appears to be but a single European species {Midlus barhattis). The 
tropical forms have, howevta*, been split up into several genera, such as MidloideSy 
ami mainly distinguished from one another by the characters of their 

teeth. Although these mullets are essentially marine, young individuals, and more 
rarely adults, are not uiifrequently taken in rivers. They are all highly esteemed 
for the table, and it is but seldom that they attain a weight of even 2 or 3 lbs. 
The ordinary Eui*opean red mullet, which does not usually exceed 6 inches in 
length, is coloured carmine-red on the up])er-parts, the under-parts being silvery 
white. On the other hand, the striped mullet, which, although designated a 
distinct species under the name of M, simmileius, is regarded by Dr. Giinther 
as probably the female of the former, has three or four yellow longitudinal stripes 
on the sides ; and is also stated to differ slightly in the number of the fin -rays. 
This kind is common on the Cornish coast, whereas the plain-coloured form is but 
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stildoiii mot witli in tlio Britisli seas, althon^^h abundant in the Mediterranean. 
Mullt‘,ts live chiefly on small crustaceans, frequenting coasts where the bottom' is 
jiiore or hss muddy. Occasionally they visit the British coasts in vast shoals, 
upwards of live thousand having been taken during a single night, in August 
J81I), ill Weymouth Bay; wliile in May 1851 no less than ten tliousand were 
ca}>tured at Yarmouth in th(‘ course of a week. Whereas by the ancient Romans 
these lish were known by tlie name of onnJlttH, the Greeks termed them irUjle. “ A 
singular circumstance/' writes Badliam, “about this latter synonym is, that it not 
only obtains in modern Greece (wIku’o indecMl, if anywhons we might exp(*ct to 
find it), but has also entirely supplanted tlui old Latin word in Italy: so that no 
one now ever liears 'iinujli! hawked about the streds of Rome or Naples; 

but tlu' constant cry is ‘ Trifle vlve ! irtyJe !' The inordinate love for these same 
irl/le, in tlui city and times of the Cmsars, would surpass belief ; not only cash, but 
time too, was profusely lavished upon this one object; quitii lK‘times, and long 
before oflict‘-hours, the mul let-mill ionair<‘. was at the pond eiv- the stai’s W(‘re 
oxtinguisluMl, feeding or caressing his fish. Jt took time, skill, and ])atience to 
teach crc'atures so obtuse to heed the voice that calhal, oi* the hand that fondled 
and fed them ; but to warm such cold-bloo<led animals as these; into a reciprocity 
of regard, was a work of yet greatcu' (lifliculty.'’ After much trouble and pains, the 
inhabitants of the ponil would, however, at length learn to know and ackjiowledge 
their master; at his whistle flock emulously together, at his sight l(*ap joyously 
into th(‘ air; and as In; plunged his arm into the agitat(‘d basin, (sich individual of 
the sei'ried shoal strove who should first present tins, and rub scales against the 
well-known fingers 1 '' 


The Sea- Breams, — Family SPAiiWyE. 

Th(' sixth family of th<; pi*esent section is (‘specially characterised by th('. 
peculiarity of the dentition, the palate being generally devoid of teeth, while either 
cutting or conical incisor-like te(fth are developed in the front (jf the jaws, or 
crushing molars on their sides ; in some cas(‘s both these t 3 q)(‘s b(‘ing cot‘xistent. 
In tin; sea-breams, as th(.‘se fish are commonly called, the oblong bodv' is markedly 
compressed ; and the investing scal(.;s ai*e either but veiy slightly- serrated, ( 3 r 
smooth. The terminal mouth has a distinct latei'al cleft ; and the ej^i^s, which are 
of medium size, are likewise; lateral. The single doi’sal fin is composed in about 
(^qual nioieties of a spinous and a soft poi‘tion; tin; anal is thrc;e-spined ; as a rule 
the low(;r ra3\s of the pectorals are branched ; and the ptdvics, which art; ventral in 
position, are furnished with one spine and five raj^s. The number of branchio- 
stegal rays vari(;s from five to seven. S(^a-brcams are coast-fishes, distributed over 
all temperate and tropical seas, and sometimes entering brackiiih, and even fresh 
waters ; thej" include a large number of genera, and are of sombn; coloration and 
medium size ; tin; flesh of the maj(3rity being used for f(3od. In a fossil state the 
family is first known by the extinct Payellvn fj-om the Chalk of i;he Lebanon; 
wliile they are numerous in Tertiaiy formations, where both the living and extinct 
genera are met with, the existing Sanjm dating from the Miocene of* the 
Continent. 
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^ The black sea-breaiu (Canfluirns of the Dritish seas, 

.Cantnarus. . 

may bti cited as a well-known exaiii2)le of the tyjiical ;;’enus of the 
first subfamily, in which the (‘xtroiiities of tluj jaws are furnislied with broad, cutting, 
and occasionally lobate incisor-like teeth ; while there are no vomerine or molai*iform 
teeth, and ilie lowiu* luys of the 2)ectoral fins are bi’anclied. Other well-known 
genera imt Box and ScofltOTus from the JV1editerran(*an and Eashu'u Atlantic, and 
Oremden,^ Irom the Indian seas. The black sea-l)ream, which not unfr(*(|U(‘ntly 



sakCtO and gilt-head iiat. size). 


. grows to a length of 15 incln's, is comuion on the British coasts, where it will take 
both vegetable and animal baits. 

The stjcond groTij) is rei)rcsented by Hajdoduviyl from the 
Haplodactyius. South Pacific, in which both jaws are furnished with flat 

and generally tricuspi<l teeth ; vomeriiui teeth being present, but molars wanting ; 
while the lower pectoral rays ai-e simple. These fish are, v(^getable-feeders. 

* Bettt‘r known than the last is the third group, containing only 

Sargus. ^ single genus Sargiifty with some twenty species from the Mediter- 
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ranean, Atlantic, and Indian seas, among which the common sargo {S. mmviaris), 
represented in the upper figures of our illustration on p. 347, is a familiar fish on 
the Continent. The essential features of the group are the single series of cutting- 
teeth in the front of the jaws, the presence of several rows of molars on the sides 
of the same, the toothless palate, and the simple lower pectoral rays. Tl)e figured 
species is a uniformly coloured fish ; but in the larger “ sheep’s-head ” (S. avis), 
from the Atlantic coasts of the United States, which attains a weight of 15 lbs. 
and is highly esteemed for the table, the hody and tail arc marked by a number 
of broad vertical bands. The strong molars of these fish indicate that their food 
consists of hard-shelled molluscs, crustaceans, or sea-urchins. Known there as den tice, 
these fishes form part of the bill of fare on the tables of hotels in Southern Italy. 

Gilt Heads example of the fourth subfamily, which contains several 

genera, among which Pagrm is the typical one, we select the gilt- 
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heads (Chrysophrys), so-called on account of the golden spots between the eyes of 
the Mediterranean G, aurata, a species which occasionally wanders to the 
British coasts, and is shown in the lower figure of our illustration. The group is 
characterised by the presence of conical teeth in the front of the jaws, and of molars 
on their sides, the palate being toothless ; while the genus under consideration is 
distinguished by having scales on the cheeks, and at least three rows of upper 
molars. The Mediterranean gilt-head, which ranges southward as far as the Cape, 
is a handsome fish, with a short and elevated head, the body deepest at the com- 
mencement of the dorsal fin, the iris yellow, a semilunar golden spot between the 
eyes, and a violet patch on the gill-cover. The back is silvery grey wdth a tinge 
of blue, and the under surface steely, with longitudinal golden bands on the sides. 
In length it seldom exceeds a foot. Fully^ adult examples show a perfect pavement 
of teeth on the jaws ; and with these the fish crunches up mussels and other shell- 
fish with such vigour that the noise thus made sometimes reveals its presence to 
fishermen. In order to obtain food, it is stated to stir up the sand of the sea- 
bottom with its tail. The gilt-eye was one of the fishes kept and fattened by the 
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Romans in their vivaria, wlierc it is .mid to have become extremely flat. Several 
species of the genus inhabit tlic seas and estuaries of India, one of which ((7. hfrda) 
occasionally grows to 30 inches in length, and is much esteemed as food in Madras, 
where it is known as black-rock cod. Fossil teeth of a gilt-head occur in the Red 
Crag of Suffolk, and the Miocene strata of Malta and the Canaries. 


The Knife- Jawed Fishes, — Family Hoplognathib^e, 

A single small genus of fishes from the coasts of Australia, 

Japan, and Peru, constitutes a soparatci family of the present section, characteri.scd 
by the jawbemes having a sharp cutting-edge; such teeth a.s are present being 
confined to this region, where they are confluent with the bone, to form a more or 
less indistinct serration. The compressed and deep body is covered with very small 
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ctenoid scales ; while the sid<‘s have a continuous lateral line. The dorsal fin has 
its spinous portion rather longer than the soft, with the spines very strong ; the 
anal, which has three .spimvs, is similar to the soft dorsal ; and the thoracic pelvics 
are furnished with a single spine and five rays. The species figured on the 
opposite page is the Australian one (//. conwayi). Nothing seems to have been 
ascertained with regard to the life-hi.story of any member of the family. 

The Thick-Rayed Fishes,— Family VniniUTiD.K 

• 

This small family, which, for want of a better English name, we designate as 
above, comprises several genera from the Indo-Pacific and Australasian seas, some 
members of which are of the first importance as food-fishes in the British colonies. 
Closely allied to the next family, they differ therefrom (and thereby resemble the 
preceding groups) in the absence of a bony connection between the preopercular 
bone and tii«v infraorbital ring of the skull; while they are specially distinguished 



350 


SPINV^FINNED GROUP 


by the tliickened and undivided lower rays of tlie pectoral fin, which in some cases 
are elongat(‘»l so as to ai<l in the movements, wliilo in otlicrs they may pcThaj^s 
servo as additional organs of touch. In form, ilu^ l)ody is oblong and compressed, 
with its investing scales of the cycloidal type; the moutli is terminal, with a 
lateral chd't ; and tlie eyes are situated on the sides of tlu^ liead. As a rule, the 
branch iost(‘gal rays are six in number, although they may be‘ reduced to five or 
thre(‘. The tc^etli are villiform or pointed, and in some cases tlu'ro are tusks 
among the snialler ones. In tlie singl(‘ <loJ‘sal fin tlie spinous and soft portions are 
of nearly equal extent; the anal fin, which is gtaierall;^' smaller than the soft dorsal, 
carries tliree spimjs; and the pelvics, winch, although thoracic in position, are 
situated at a considerable distance from th(‘ root of the pectorals, have one spine 
and five rays. These fishes are inhabitants of all tro[)ical seas and the temperate 
zone of the South Pacific. They may be divided into two groups, accoi'ding to tlie 



presence or absence of teeth on the voimn's; tlie first group including the small 
prettily coloured fishes known as (Jirrhifrs^ Chorinnihus, etc., of which the fornwr 
are chai*actoristic of the Indian and Pacific oct^ans, while the latter is confined to 
the Austi*alasian seas. 

clrrMtichtnys. vomei*s, wo illustrate on p. 340 

‘ a species (Cirrliitiehthf/s Viarmorafns) of a genus differing from the 
typical one by the presence of teeth on the palatine bones, and by the spiny 
opercular bone; the preopei’cular being serrated in both. Tla^se fish have six 
branchiostegal rays, tusks in the jaws, and ten spines in the dorsal fin. Five to 
seven of the lower jiectoral rays are unbranched, the scales ai*e of moderate size, 
and there is no air-bladder. The spotted firm-fin, which rang(?s from the Red Sea, 
tlu-ough the Indian and Malayan seas to the Sandwich Islands, is one of those in 
which there is no elongation of a ray of the pectoral fins; while it is specially 
characteris(*d by the spotted coloration, the body and median fins showing brovm 
spots, and a I’ow of darker spots occupying the base of the dorsal. 
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^ , Til the ffrouT) with toothless vomers, one of the most notable 

Ohilodactylus. , ” ^ 

genera is that of tlie long-hns so naincil on account 

of the elongation of one of tlai rays of the pectoral tins, wliich projects to a, great(*r 
or less degree beyond thti rest. A consideraldc number of species have been 
described, most of which are inhabitants of the temperate region of tlie South 
Pacific, altlioiigli some are found round the coasts of Japan and Cliina. Hie 
speci(?s here figured 'iHdcropferiis) is an Australian one; and both in Australia 
and at tht‘ (Jape these fishes form a valuable food-supply, since they attain a weight 
of fi’om 5 to 25 lbs., and arc* easily captured. An allied genus (JA(tris), dis- 
tinguislu‘d by tlie abscnice of any elongation of the pectoral rays and the deeply 
notched dorsal, is well known in Tasmania and Nc‘-w Zealand in the pei*son of the 
trumpeter-lisli {L. which claims the first place among the fish-products 

of those C(jloni(*s, ranging in weight from 30 to GO lbs., and being at the same time 
most excel lenth" flavoured. 

The Scoup/ENoids, — F amily SconPu^^jxiTK?:. 

Witli tins family we conn* to a group easily distinguislu'd fj*om all the 
preceding re[)res(*ntatives of this sc‘ction by the? articulation of the* preopercuhir 
bone with the* orbit by means of a j)rojecting process from the infraorbital 
ring. Some of th(' oth<*r boncss of the head ai’e also armed, and the dentil icm 
is but feebly develojic'd. Tlusse iis]r‘s, which are ivjnvsc^nied by a large numbc‘i* 
of genera, are found in most s(*as, and are all carnivorous in tlieij* habits. Dr. 
Gunther writes that “ some* resemblt* the sea-perch(*s in th(‘ir form and habits, as 
S/'or/Mi’iup (‘tc., Avhilst oth(‘rs live at tlui bottom of tlui scvi. and possess 
in various dc‘grc*es of development thosc^ skinny appendages rt‘sc‘inbling the fronds 
of sc‘a-we(*ds, by which they either attract other tishes, or by which they are 
enabli'd more (dlectually to hide* themselves. Specic^s ])ro\ i<]ed with these 
appi’iulages have* generally a coloration ivscuubling that of their surroundings, and 
varying with tlu* change of locality. Some of the genc‘ra live at a considerable^ 
depth, but ai)parently not beyond thri'cj humh-c‘d fathoms. NeaiTy all are 
distinguish(*d by a powerful armature, eitlu‘r of the head, or fin-spin(‘s, or ])oth ; 
and in some* tlu* si)in(‘s have been d(*vc‘loped into poisoTi-organs. ' Tlu* group is 
scarcely known in a fossil states although remains of a specit*s of the typical genus 
occur ill tlu* Eocene of Algei’ia,. 

The famil}’' is dividevl into two s(‘Ctions, according as to whether there* arc 
distinct scales on the body, or Avhe*ther these are rudimentary or wanting. In the 
forme*r aiv included >SV/>(/.s*/os and the typical t^cor/Kimd. Most curious of all are 
the members oi the Tropical Tndo-Pacitic genus Ptn'oLs, in which the spin(*s of the 
(lorsal and the i-ays of the ])ectoi-al tins are more or less produced, — so much so, 
indeed, that in tlu* case of one species, at least, P. voJifdhs, it was formerly thouglit 
that they indicaterl the possession of flying powers in their owner. Tlu* tins and 
body of this extraordinary-looking tish are most beautifully mark(*d with alter- 
nating light* and dark transverse bands. Among tlu*, genera with small or 
rudimcntal scales we have only space to mention the Oriental Pelor and Chori- 
dactylus, (*ach represent(*d only by a single species of 4 or 5 inches in length : and 
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both o£ which are remarkable for the extraordinary development of the appendages 
mentioned above, some of these occurring on the fins, and others on the head and Idwei 
lip. The representative of the second genus is very common at Madi’as. It may be 
added that this family includes the smallest members of the suborder, ^ hich belong to 
the genus Microjyv^s — a name probably belonging to the swiits. Ihese fish scarcely 
exceed an inch and a lialf in length, and frequent the coral-reefs of the Pacific.^ 

Of the three remaining and comparatively unimportant families, 
Allied FamilieB. in the perch-like section of the spiny-finned fishes, it is 

only possible to make very brief mention. The first of these, the J\ andidee^ 
ditt’ers from all the foregoing by the incompleteness or absence of the lateral 
line ; the dentition, although feebly developed, being more or less complete, and 
the preopercular bone having no connection with the orbit. Ihe oblong and oval 
body is scaled ; the number of spines in the dorsal fin is nearly equal to that of 
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the rays ; the three-spined anal has its soft portion similar to the soft dorsal : and 
the thoracic pelvic fins have one spine and four or five rays. The small Oriental 
fresh-water fishes known as Nandus, BoaU^, etc., constitute a group of the family 
characterised by the presence of five rays in the pelvic fins, and the absence of 
false gills. They are common in all parts of India, some preferring ditches and, 
inundated rice-fields, while others frequent clear streams. All are carnivorous, and 
the largest does not exceed 7 inches in length. The second group, as represented 
by Plesiops from the Indo-Pacific coral-reefs, and Tracltinops from the Australian 
seas, although also including only small forms, are, on the other hand, marine ; and 
ai'e characterised by having only four rays to the pelvic fins, and by the presence 
of false gills. In Plesiops the lower rays of the pelvic fins are elongated and split 
at the ends ; the soft dorsal and anal fins being likewise of considerable length. 
The figui'ed species (P. hleelevi)^ which attains a length of 10 inche|i> is from the 
coral-islands of the South-West Pacific ; it has the lateral line broken. 

PoiycentruB second family (Folycentridai) is represented only by the 

genera Polycentrns and Monocin^hus, from the rivers on the Atlantic 
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side of Tropical America ; our illustration showiuff a member of the former genus 
f^chomhd njkl). These fishes are characterised by the absence of a lateral line, 
and the great number of 
spines in both the doi*sal 

and anal fins. TIk^ thoracic 
pelvic fins have one spine 
and five ravs*, and the teeth 

*'■ ‘c — K 

are feeble. These fishes are 
all of very small size, aud 
arc state<l to feed ex- . 

clusively upon insects. 

Th(! sin<;lc 

Teuthis. ® 

generic repre- 



.sentati\’e of the Ton th id Ukc, scuomui'ii(,k’.s m.vn-y-si'ine (f n.at. size), 

of which a sjieeies {Toiifliis 

rioldto) is shown in the illustration on p. 354, is charactei’ised by the tooth- 
less palate, and the presence of a series of narrow serrated incisor teeth in the 
front of eiicli jaw. 'fhe scales on the oblong and compressed body are very 
small, and then- is a continuous lateral line. In the single! dorsal fin the spinous 
considerab] v exei'eds the soft portion in length ; the anal has seven spines; and 
the thoracically-placAMl pelvic fins have an outer and inner spine, between which 
art! three rays, 'fliese fislies have a largo air-bhnlder, forked at both extremities ; 
and they also display sev(>ral peculiarities in the structure of the skeleton; the 
abdomen being surrounded by a comph'te ring of bones, owing to the backward 
prolongation of certain elenumts of the pectoral arch, and the unusual develop- 
ment of tin* pelvis. A considerable number of s])ecies have been de.scribed from 
the Indo-l’acific, where their eastward range stops about the longitude of the 
Sandwich Islands. The largest of them is not more than 15 inches in length, and 
all are vegehibl(!-feedei’s. In the figured species, which is fi*om the New Hebrides, 
the genei'al colour is brownish red, maiked with narrow veriniculated blue lines ; 
the spines of the fins also bearing white spots. 


The Berycoids or Slime-Heabs, — Family BehychiDjE. 

With the slime-heads we come to a family <1istinguished fi’om the whole of 
the lireceding, and forming a group by itself charactensed by the presence on 
the head of large muccais-beaving cavities, covered with a thin skin, and by the 
thonvcically-situated pelvic fins having one spine and five rays (siive in M(mocenin.% 
where the latter are reduced to two). The compressed body may be either oblong 
or deep in form, but is always short; and the scales, which are rarely wanting, 
are of the ctenoid type. Liiteral in position, the eyes are almost always large in 
size; the lateral cleft of the mouth slopes oblitpioly upwards; the teeth in the 
jaws are villiform ; teeth ai'e in most cases developed on the palatines ; the bones 
of the gill-d>ver are nmre or le.ss fully armed ; and there are nearly ahvays eight 
branchiostogal rays, although these arc sometimes reduced to four. There are no 
Bcaies on the head, and false gills are present. The slime-heads, which comprise 
VOL. V. — 2-5 
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a considerable number of both living and extinct genera, arc all marine fishes, 
witli a practically cosmopolitan distribution ; many of them living at great depths, 
and coming under tlie denomination of deep-sea fishes. Tiny are also a geologically 
ancient group, represented by a large number of gcuKuic types, both existing and 
extinct iii the Chalk and other Cretaceous deposits. The only existing forms that 
frequent the higher strata of the ocean belojig to the genera Holoceafruin and 
Myripristis\ but even some species of the latter may descend as deep as one 
hundred and fifty fathoms. The typical gemus Beryx lias been taken from between 
three and four hundred fathoms; and frotn the small size of the eye the forms 
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Teutkis (upper figure) j Penipheris (ou the right) ; and Polynctnus (on the left). (J, iiat. size.) 


known as Mehimphce'es must, in Dr. Gunther’s opinion, inhabit still lower levels. 
Another sign of their deep-water habits is afforded by the high development of the 
slime-secreting apparatus of these fishes. 

Of the genera that space permits of our noticing, the most peculiar is 
Moaocentrisy represented by a single small and rare species from the seas of Japan 
and Mauritius, and distinguished by the abstmee of armatures on the gill-cover, the 
large size of the scales, which are articulated together so as to form a solid 
armour, and the reduction of the ventral fins to a single long spine, and a few 
mdimcntal rays. The fish figured in our illustration (TnirhiahViys irailli) 
represents a genus, with a few species from Nc.w Zealand and Madeira, characterised 
by the short and blunt muzzle, the prominent chin, the strong spine at the angle 
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of the preopercular, the rather small scales, and the serration of tlie lower border 
of the body. The palatines and vomers carry villiform t(‘eth ; the single dorsal fin 
has from three to six spines, the anal six rays, and the tail is strongdy forked. 
The allied A of the Tropical Atlantic, is devoid of scales. In both 

genera tlie eye is very large. The typical genus Bcrux, which has likewise Init 
a single dor^sal, may be distinguished by the smooth alalomen, and the lack of a 
spine (Ui the preopercular. At the pix^sent day tliis genus is known from the 
Trojfical Atlantic, Madinra, and the seas of Australia and Japan; while in a fossil 
state it is abundant in the Chalk. T\vo barbels at the throat serve to distinguish 
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Pulymixia ; while in several of the other genera, such as Holoceninim, the dorsal 
fin is double. Spread over all tropical seas, the latter genus is likewise one of 
those dating from the Cretaceous epoch. 

Families CURTID^^: and PoL YNEMIDJS, 

Each of these two unimportant families represents a group of equal rank 
with the perch-like division of the suborder; the first being characterised by 
having the single dorsal fin much shorter than th(j long and many-rayed anal. Tlie 
comprisssed body (as sliown in the figure of PnHjJicris naangida, on the right side 
of the illustration on p. 354) is oblong in form, deep in front, and sharply narrow- 
ing towards the tail If developed at all, the spines of the short dorsal arc few in 
number ; the scales are small or medium in size ; and both the jaws, palatines, and 
vomers bear^ villi form teeth. While the typical genus Cartus is confined to the 
Indian seas, 7\m?j)/<cri.sM*anges over the Indian Ocean, the Malayan seas, and the 
tropical parts of the Pacific. The jiresence of a number of filaments, which niaj'' 
attain an enojrmous length, is the most distinctive feature of the second family, 
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as shown in the example of the type ^enus (Polynemus ])lrhrjits), represented on the 
left side of the illustration last referred to; while a second characteristic is to be 
found in the two rather short dorsal fins, situated at a considei-able distance from one 
another; and a third in the well-marked mucous-bearing canals on the head. The 
body is oblong and somewliat compressed, witli smooth or slightly ciliated scales, 
and a continuous latei*al line. The muzzle projects soiiu^what beyoml tlu^ mouth, 
which is inferior in position, with a lateral cleft ; and the large eyes are lateral. 
There ai*e villiform teeth in the jaws and on the jialate ; and the pelvic fins are 
thoracic in position, with one spine and live ra 3 "s. These fishes, which form tliree 
genera, include a number of species liaunting tlu^ shores of tro})ical seas, and some- 
times entering brackish or fresh water. Their iilaments, which sonudimes exceed 
twice the entire length of the head and bod}" and c:\n be moved independent!}^ of 
the pectoral fins, serve as feelers; and as these fish live in muddy water, and 
generally have their large eyes obscured by a film, the use of such accessory organs 
of touch is easily understood. 


The Sclenotds,— F amil}^ 

Of more general interest than the last is the family of Scianioids, among which 
the umbrine of the Mediterranean and the widely distributed nn^agre are well known 
examples. In this group the spinous dorsal is abbreviated at the expense of the 
more or less elongated soft dorsal, which also exceeds the anal fin in length ; and, 
although mucous canals are well developed on the head, tlieiv are no filaments 
near the pectoral fin. The somevvdiat elongated and comp)’essed body is coated 
with ctenoid scales, and the uninterru])ted lateral line sometimes continued on 
to the tail-fin. The long mouth is at the extremity of the muzzle; the eye is 
medium and lateral; and in addition to bands of villiform teeth, the jaws may 
carry tusks, although they are never providt^d with incisors or molars, and the 
palate is devoid of teeth. The preopercular bone is smooth, and without any bony 
connection with the orbit; and the thoracic })elvic fins cany one spine and five 
rays. Frequently the air-bladder is pi’ovided with a number of appendag(\s. 
These fishes have a rather curious geographical distribution, being unknown in the 
Pacific and the Ked Sea, but widely spread in the Atlantic and Indian Oceans, and 
especially common round the shores of India, where many species enter estuaries 
and rivers. Some species have, indeed, taken completely to fresh water, and never 
by any chance descend to the sea. Nearly all are eaten as food, and the aii‘- 
bladders of many of the Indian forms are extensivdy used as a source of isinglass. 

The North American fish, rejoicing in the name of “drum"' 
{PogonidM chromis), represents a genus characterised by the upper 
jaw of the convex muzzle overhanging the lower, the presence of numerous small 
barbels on the chin, and the absence of tusks. T(in stout spines form the first 
dorsal tin, and there are two spines in the anal, the hindmost of wliich is very 
strong. The scales are of moderate size ; and there arc a number of large flattened 
molar-like teeth on the pharyngeal bones. In length the drum often exceeds 4 feet ; 
while it may scale upwards of 1 cwt. In what numner the extraordinary drumming 
fjounds uttered by this fish, in common with other members of the family, are 
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produced, does not appear to he ascertained, altliou^h it has been suggested that 
they may be due to the clapping together of the upper and lower j^haryngeal teeth. 

The uinbrine of the Mediterranean (Umhrina cirrhom), 
UmbrinoB. ^ 

range extends southwards to the Cape, was a fish well known to the 

ancients, and is a member of a genus containing about a score of species distributed 

through the-Mefliterranoan, Atlantic, and Indian Oceans. Having an overlapping 

upper jaw, it (lifters from the last g(unis in the presence of but a single short 

barbel on the chin ; wliile the first dorsal fin has ten flexible spines, and the anal 

ei tiler ona or two. In size the typical spe^cies reaches about 8 feet. 

Tlie third genus that we notice (Scurna) differs from both the 

prece<ling in tlie absence of any barbels ; the cleft of the mouth being 

obii(|ue and deep, and the eyes situated rather wide apart. The genus includes a 

very large number of vspecies, with a geographical range ofpial to that of the family ; 
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one of the best known being the typical meagre (S. aqiiila), ranging from the 
British coasts to those of the Cap(^ and Australia. Although most of the species 
are smalhu*, this fish may attain a length of upwards of C feet. Yarrcll states that 
the flesh of the meagre appears always to have been in great request with 
epicures; and, as on account of its large size it was always sold in pieces, the 
fishermen of Rome were in the habit of presenting the head, which was considered 
the finest part, as a sort of tribute to the three local magistrates wdio acted for the 
time as the conservators of the city.” It is certain members of this genus that have 
taken to a fresh-water existence. 


The Sword-Fishes, — Family Xituiidje. 

With this small and well-defined family, all the members of which attain very 
large dimensions, we come to our first representatives of purely pelagic fishes. 
Sufficiently distinguished from all their allies by the production of the upper jaw 
into the lpng,^wedgc-shaped, sword-like weapon from which they take their name, 
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the sword-fishes are further characterised by tlic elongate and comiDresscd body, 
the laterally-placed eyes, and tlie deep cleft of tlie mouth. Teeth are eitlier absent 
or rudimentary ; and scales are likewise wanting, or represented merely by small 
rudimental structures. Tlie dorsal fin is cither single or divided, but has no 
distinct spinous portion; and tli(‘ ])elvis, if present at all, takes the form of long, 
rod-like, tlioracically-situated appendages. There arc seven branch iostegal rays, 
and an air-bladder is present. In the adult the sword is formed by the coalescence 
of the premaxi ll?e, vomer, and ethmoid, and is rough on the under surface from 
the presence of rudimental teeth. The sword-fishes are di\'ided into the genera 
Xiphias and HLstiophorits, according to the absence or presence of pelvic fins; 
these appendages in the latter being in the form of from one to three ra3"s. There 
is considc‘rablc variation in the height of the dorsal lin, which is freciuently so 
lofty us to project some distance above the water when the fish is swimming near 
the surface, and even, it is said, to answer the purpose of a sail. In the young, 
this fin is much higher in proportion to the length of the boity than it is in 
the adult. In very }''oung examples of the ty^pical genus the beak is comparatively 
long, therti are conical prominences on the edge of the supraorbital, the occiput 
is devoid of a spine, and there are two short, tooth-like processes at the angle of 
the preopercular. In Histio'phonit^, on the other hand, the beak at a corresponding 
age is much shorter ; the supraorbital edge is finely denticulated, or smooth ; and 
th(!i‘(.‘ is a bony spine on each side of the occiput, and at the angle of the preoperculai\ 
Although they arc frequently not more than 4 to 6 feet in length, sword-fishes 
majMiieasiire as much as from 12 to ]5 feet, and the sword itself ina}' exceed a 
j’ard in length. The common European sword-fisli {Xipluas (jladim)^ which is 
occasionally taken on the British coasts, ranges from the Eui’opean seas to the 
opposite side of the Atlantic; while to the southward it occurs ofi* the northern 
and western coasts of Africa. Histiojdiorm, on the other hand, seems to be 
confined to the Pacific and Indian Oceans, ranging eastwards to Japan. Of the 
three Indian species, the spotted Indian sword-fish (IL gladius) is distinguished 
hy the dorsal fin being much higher than the bodj^', and marked with dark blue 
spots on a lighter ground of the same colour; the body being bluish grey above, 
and lighter beneath. On the other hand, in the black-finned sword-fish (H, 
iimuicidatwti) the general colour of the body is dull ^rcy, and the dorsal and 
anal fins are blackish. The third species (II, hrevirosirisi) has the dorsal fin lower 
than the depth of the body; the general colour being grey, but the dorsal and 
pectoral fins tipped with black. 

Mainlj^ pelagic in their habits, sword-fishes are among the most predaceous 
and savage of tlie monsters of the deep, transfixing their ordinary prey, which 
includes cod and tunny, with their formidable swonl, and likewise attacking 
whales with the same weapon. In such conflicts, the sword-fish, after making 
repeated stabs, generally comes out victorious, and the whale succumbs to his 
comparatively diminutive antagonist. Occasionally, however, one of these fishes 
appears to mistake a ship’s bottom for a whale, and thereupon promptly charges 
it, sending tlie sword crashing through several inches of soli<l timber. In such 
cases it may happen that the sword-fish cannot withdraw its weapon, whicK is 
then broken off short in the struggles of its owner to escape. jQno thing we 
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shpuld like to see cleared up by actual observation, and that is, in what manner 
a sword-fish manages to removes from his weapon a cod, or other fish, which it 
has spitted. Instances are on record of these fish attacking and transfixing 
bathers ; one such having occurr(*<l in the (‘stuary of the Sevei’ii about the year 1830. 
Writing of one of the Pacific s])ecies, Colonel Pike observes that “ this fish is a 
beautiful sight in tlie water. It lias a habit of lying sunning itself on the surface 
when undisturbed, its doi*sal fin is fully expanded and acting as a sail (and when 
needed it can propel itself at gre^at speed) ; but it is only in the calmest weather it 
can be thus seen. It is frerjuently caught in deep water with hook and line, and 
when near the surface it is spc'ared.” When it feels the hook, or spear, a sword- 
fish takes tremendous leaps in the air, and if cai*e be not exercised, will jump into 
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the boat of the fishermen. In tlie South KSea Islands young sword-fish are caught 
•ill strong nets, although no u(‘t Avill hold a fish of G feet in length One of the 
most recent instances of a sword-fish attacking a ship occurred in the year 18/4, 
on the voyage between Bombay and Calcutta. On this subject I raidc Biickland 
writes that there is in the Museum of the College of Surgeons a section of the 
bow of a South-Sea whaler, in which “ is seen the end of the sword ol a sword- 
fish, measuring 1 ‘foot in huigth and 5 inches in circumference. At one single 
blow the fish had lunged his sword through, and completely transfixed thirteen 
and a half inches of solid timber. The sword had, of course, broken oft' in the 
hole, and thus prevented a dangerous leak in the ship. In the British Museum is 
a second specimen of a ship’s side with the sword of a sword-fish fixed in it, and 
which has penetrated no less than twenty-two inches into the timber. When His 
Majesty's ship Leopard was rejiairing, in 1795, after her return from the coast of 
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Guinea, a 8\vord of one of tliese tiwliea was found to have gone through the 
sheathing one inch, next tlirough a three-inch plank, and beyond that four and a 
half inches into the firm timber; and it was tlie opinion of the mechanics .that it 
would require nine stre^kes of a twenty-five-pound hammer to drive a bolt of 
similar size and form to the same depth into tlie same hull ; yet this was accom- 
plished by a single thrust of the fish.” In the Mediterranean couhtr|.^s, where 
tliese fishes are commonly taken in tunny-nets, their flesh is exposed for sale in 
the markets. Geologically, the sword-fishes appear to be a comparatively modern 
group, the earliest known r(‘presentatives, which have been assigned to the existing 
genus H'Lsf/iophorit,^, occurring in the London Clay, 

The Scabbard-Fishes axd Hair-Tails, — Family Tnicmunjuj^, 

Another group of equal rank with the perch-1 ik(i section is formed by a 
family of fishes, characterised by the elongate and compressed or even band-like 
form of the body ; the mouth having a wide cleft, and several large conical teeth 
either in the jaws or on the palate?. Tlu? dorsal and anal I’ays are long and inany- 
rayed, with the spinous nearly equal in length to the soft portion, finlets some- 
times occurring beliind the latter ; the p(‘lvic fins, if present, are thoracic in position ; 
and the caudal is sometimes wanting, but, when developed, foi‘ked. In all cases 
the scales are either rudiinental or wanting, but the air-bladdm* is constant. Th(‘se 
fishes are distributed over all tropical and s\ibtropical seas ; but while some are 
surface-forms, never found at any great distance from the coasts, others descend 
to considerable depths in the open sea ; all art? ca]nivo]‘Ous, and many very 
powerful. In India, writes Day, ‘‘these fishes art? held in various (estimation in 
different places. In Baluchistan, and where salt ivS cheap, no one will touch them ; 
but along the coasts of India they are more esteemed, mostly because being thin 
or ribbon-shaped they can be dried without salting. In a fossil state these fishes 
date from the lower Eocene of Switzerland and other parts of Europe, where they 
are represented by extinct genera ; species of scabbard-fisli occur in the Sicilian 
Miocene, which has also yielded forms allied to the hair-tails {TTlchiuHchthys), 
but with the body scaled. 

Among the better-known forms, the scabbard-fish (Lepulopus 
Soa.bbaxd>Fi8li. ^ ^ ^ , 

cavxlatus) represents a genus characterised by the absence or inidi- 

mentary condition of the pelvic fins, the long single dorsal, and the distinct 

but small tail-fin. Although it may attain a length of 5 or 6 feet, the attenuation 

of the body is so great that the whole weight does not exceed as many 

pounds. The fish has a very wdde geographical distribution, ranging from the 

Mediterranean and warmer regions of the Atlantic to the Cape, and thence to- 

New Zealand and Tasmania, while it occasionally wanders to the British coasts. 

This wide range may probably be taken as an indication that the scabbard-fish 

is a comparatively deep-sea form. In New Zealand, whei’c it is known as the 

frost-fish, the scabbard -fish is highly esteemed for its flesh, which is white, rich, 

firm, and tender, with an excellent flavour. On this account, says an anonynious 

writer, “ the fish is eagerly sought after, and commands a high price, as the supply 

is irregular, and not equal to the demand. . Not much is yet kno\^^»^of the mapners 
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and OUBtoms of the frost-hsh, but the little that has been made manifest is decidedly 
peculiar. It is a detjp-water tish, and yet, stranj^e to say, lias never yet been 
takeU by the net, the rorl, or the line. Even the all-gatheidng trawl has hitherto 
failed to bring it to the surfacci of the deep. How then is its captui-e effected ? 
To all appearance the frost- tish is captured by the fishermen only when it commits 
suicide ^^nd* immolates itself on the sandy beaches of the Pacific. The facts are, 
that on calm and frosty nights, during the autumn and winter months, numbers 
of frost-fish come ashore alive through the surf on the beaches before referred to, 
and there wriggle on to the firmer sands above, to be devoured by the watchful 
sea-birds, or picked up by the fortunate fisherman. No satisfactory reason has 
as yet been assigned for this rash act, although numerous theories have been 
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propounded to account for it. One is that the hapless fish is pursued by a shark 
or other enemy, and prefers uncertain life on land to certain death at sea. 
Another and a more plausible theory is that the fish distends its air-bladder to 
enable it to reach the surface for air or food, and that the keen frosty air there 
prevents it from compressing the bladder, and thus returning to its habitat under 
the waves. In this w^ay the luckless fish gradually drifts into shallow water, and 
is dashed ashore by the surf, only to stmggle on to dry land to meet its fate. 
As may be imagined, the capture of the frost-fish has nothing specially spdrtsman- 
like about it. The long sandy beaches some twelve miles from Dunedin are the 
favourite resort of the frost-fisher. The usual plan is to form a party of two or 
more, and camp out overnight at the foot of the cliffs which overhang the beach. 
Here a huge fire is lighted, and a tent pitched close at hand. The night, of course, 
nuist be clear and calm, as well as frosty, otherwise the long Pacific rollers make 
the surf too high for the successful capture of the game. The fishing itself is 
rather slow 'ifrprk. It consists merely in walking from end to end of the beach 
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shortly before dawn (the untimely hour chosen by the fish for self-destruction), 
and keeping a sharp look-out in the surf for tlie silver sti'cak which betokens the 
advent of the frost-fish. When a fish is seen struggling in the waves or on 
the sand, all that remains to be done is to catch hold of it, and drag it up out of 
reach of the backwash (if it docs not wriggle up by its own motion), and there 
despatch it with a stick or knife.” 

These scaleless fish {Trichiurus) take their name from the 
absence of a caudal fin, the body tapering posteriorly into a fine 
point. The single dorsal extends the whole length of the ribbon-like body; 
the pelvic fins are represented merely by a pair of scales, or are completely 
wanting; and the anal is rudimental, its spinous portion being reduced to a 
number of very small spines scarcely projecting above the skin. The jaws are 
provided with long tusks, and there are teeth on the palatine bones, although 
none on the vomer. Essentially tropical fishes, generally found in the vicinity 
of land, they appear to be sometimes carried by currents out to sea, which will 
pi’obably account for the occasional appearance of the West Indian T. Leptnrm on 
the British coasts. These fishes attain a length of from 3 to 4 feet ; and one of 
the Indian species is described as extremely voracious, preying on crustaceans and 
various fishes, among which members of its own kind are included. 

The local name for a New Zealand representative {Thyvsites 
{(full) of another genus may be taken as the popular title of all its 
members. These fishes, in which the leather elongate body is covered with minute 
scales, are characterised by having from two to six finlets behind the dorsal and 
anal, and the presence of teeth on the palatint*s. Barracudas, which grow to as 
much as 5 feet, foian important food supplies in the Capo, South Australia, New 
Zealand, and Chili; when the flesh has been dried or otherwise preserved, it is 
exported from New Zealand in (quantities to Mauritius and Batavia. The genus 
is unknown in the Indian seas, where the family is rej^resented by the hair-tails. 

Amed Extinct Two extinct genera, namely, I^daiorhynchutt from the Eocene of 
Forms. Switzerland, and Hemirhynchns from the Ollgocene of France, re- 
present a separate family (Palceoi^hynchidcv), distinguishcxl from the last by the 
production of the muzzle into a long beak, which may be either provided with 
small teeth, or toothless. The dorsal fin occupies nearly the whole length of the 
compressed body; and the anal fin is also elongated, and extends nearly to 
the forked caudal. 

The Surgeons, — Family AaRO^^UPJD.-E. 


Barracudas. 


With this family we come to a group of spiny-finned fishes, including some 
thirteen others, which present the following characteristics in common. The dorsal 
fins are either placed together or continuous, the spinous portion being, when fully 
developed, shorter than the soft part, while it may be modified into tentacles, 
detached spines, or an adhesive disc ; and the anal is similar in characters to the 
soft dorsal, and in some instances both these fins are modified postoi'iorly into 
finlets. The pelvic fins, if developed, are always thoracic or jugular in position, 
and are never modified into a sucker; and there are no papillae in the neighbour- 
hood of the vent. Nearly the whole of the members of the group are,marme. 
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The first family is typified by a g<‘mis {Acroniirus) the representatives 
of which are popularly known by the name of surgeons/’ owing to tlie presence 
of a sharp lancet-like spine on each side of the tail in the adult. In addition 
to the presence of on(^ or more such spines or bony plates, th(^ family is further 
characterised by a single dorsal fin, witli a very small number of spines. Tlie 
body is compressed, and oblong or deep in form, with a covering of minute 
scales; the moderate-sized eyes are lateral in position; the small mouth is 
furnished in fi'ont with a single series of more or less compressed upper and 
lower incisors, which may be either pointed or serrated; but the palate is toothless. 
The pelvic fins are thoracic in position, and the hinder extremity of the air-bladder 
is forked. These fishes are inhabitants of all the tropical st^as, and are most 
common in the rndglibourhood of coral-reefs and islands, where some feed on the 
soft polyps of the coral, but others on various vegetable substances. In the true 
surgeons {AcnniiirufC) there is an erectile spine situated in a groove on each side 
of the tail; and thci pelvdc fins are generally furnished with a single spine and 
live rays. In the young the body is scaleless, and the tail-spines either very small 
or wanting. These fishes are n^presented b}’’ a large number of species, the largest 
of wliich docs not exceed ]8 inches in length, and the}" are disti*ibuted ove]* all 
tropical seas with the exception of tln^ Eastern Pacific. In a fossil state the genus, 
like the next, occurs in tlie middle Eocene beds of Monte JBolca, in Italy. Fi'om 
the true surgeons the members of the genus which i*ange over the Tropical 

Pacific and the Indian Ocean, ai*e distinguished by having from one to three non- 
crectih^ sj)ines on each side of the tail, and the presence of only three rays in the 
ventral fins ; while in some forms the head is armed with a forwardly-directed 
bony horn or crest-like prominence. The minute and rough scales make the skin 
like fine shagrec'ii. A third g(‘nus {Pvionnnfs) differs in having a series of keeled 
bony plates instead of si)in(‘s on the sides of the tail. All the species of Kaseiifi 
are said to be purely herlnvorous. The true surgeons use their spines as formid- 
able weapons of attack by erecting them and striking sideways with their tails. 

The Horse-Mackerels, — Family CaraxoiDjK 

Although the name horse-mackerel properly applies only to a single British 
fish (Cifvavx trachuriLf^), otherwise known as the scad, it may conveniently be 
ma<le to do duty for the whole of the members of the family to which that species 
pertains. Having the body more or less compressed, tliese fishes ai*e specially 
distinguished by the teeth, when pi'esent, being villiform or conical. The spinous 
portion of the donsal fin is sometimes rudimental; the hinder rays of both the 
.dorsal and anal may be broken up into separate finlets; and, when present, the 
pelvic fins are thoracic in position. In the skeleton there are ten trunk, 
and fourteen tail vertebrm; although in one genus the number of the latter is 
increased to sixteen. The gill-openings are wide, the eyes lateral, and there is no 
bony stay connecting the preopercular with the infraorbital ring. The scales, 
which are usually small, may be altogether wanting ; and in many cases the lateral 
line* is wholly or partially armed with shield-like overlapping plates. There is 
always an •air-bladder. In the young of some forms there is an armature of the 
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head, which disappears in the adult. Carnivorous in their diet, the horse-mackerels 
are disti'ibuted at the present day over all tempei'ate and tropical seas ; and were 
also abundant during the Tertiary period, and likewise represented by extinct 
genera in the antecedent Cretaceous epoch. Remains of these fishes are found in 
extraordinary profusion in the middle Eocene strata of Monte Bolca, one of the 
most remarkable types from that formation being the extinct Snniojitorvs, in 
which the dorsal hn is so (derated as to exceed the total length of the head and 
body, while the pectorals formed a pair of backwardly-directed tapering spines. 

True Horse- In the typical genus Carcuix the body is gtiiierally more or less 

Mackerels, compressed, although sometimes almost cylindrical ; the hard dorsal 
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fin, which may be rudimentary, is continuous, with about eight weak spines ; while 
in a few species the soft portion of both tliis and the anal ia broken up into finlets. 
The scales are verj^ small ; and while in the British horse-mackerel {(L trachurus)^ 
represented in the lower figure of our illustration, the lateral line is protected by 
bony plates throughout its entire extent, in many other specie^ these plates are 
restricted to its hinder moiety. Several of these plates may be traversed by a keel 
terminating in a spine. The genus is represented by nearly a hundred species, 
some of which have teeth on the palate, while in others these "are wanting. Rang- 
ing over almost all temperate and tropical seas, many of them sAvim out to 
considerable distances from the shore, and thus acquire a very large distributional 
area. The larger forms may measure fully a yard in length; and the flesh of all 
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is edible. The genus is represented in the Monte Bolca Eocene. Horse-mackerel 
sometimes make their appearance in enormous shoals on the British coasts ; and it 
is stated that on one occasion upwards of ten thousand were taken in Cornwall. 
A correspondent of Yarrell wrote, that in the sunimer of 1834 vast shoals of these 
fish were seen on the GJamorganshire coast. “ Tlioy were first observed in tlie 
evening, and the whole sea, as far as we could command it with the eye, seemed in 
a state of fei’ineiitatioii with their numbers. Those who stood on some projecting 
rock had only to dip their hands into the water, and with a sudden jerk they 
might tlirow up three or four. The bathers felt them come against their bodies, 
and the sea, looked on from above, appeared one dark mass of fish. Every net was 
immediately \mt in requisition ; and those which did not give way from the weight, 
were drawn on shore laden with spoil. One of the party who had a herring-seine 
with a two-inch mesh was the most successful ; every Tjiesh held its fish, and 
formed a wall that swept on the beacli all before it. The quantity is very inade-' 
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quately expressed by numbers, they wei‘e caught by cart-loads. As these shoals 
were passing us for a week, with their heads directed up channel, we had the 
opportunity of noticing that the feeding-time was morning and evening. Tliey were 
pursuing the fry of the herring, and I found their stomachs constantly full of them.” 

Another genus is represented by the pelagic pilot-fish (Naucrates 
duct or), wdiich takes its name from a supposed habit of guiding and 
protecting the sharks and ships which it accompanies. Having no plates on the 
lateral line, this fish is further characterised by the roufided under surface of the 
body, by the first dorsal fin being composed in the adult of detached spines, by the 
absence of finlets, and the presence of a keel on each side of the tail. Wlien adult,, 
the pilot-fish measures about a foot in length. In colour it is bluish, with five or six 
dark vertical bands ; the tail-fin sometimes having the ends of its two lobes dark, 
as also a band acroi^s the middle third. Ranging over all temperate and tropical 
seas, pilot-fish were regarded as sacred by the ancients, by whom they were known 
as fompili \ the common belief being that when the ship neared land, the fish 
sudilenly disappeared, and thus gave warning to the sailors of impending danger. 
Many legends^ have grown in later times as to how pilot-fish wdll prevent sharks 
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from taking a bait by swimming round them and enticing them away ; but all 
these appear to be pure fictions, and perhaps the best account of the real habits of 
the fish is one by Dr. Meyen, from which tlie following summary is taken. It 
appears that the pilot-fish constantly swims in front of tlie shark, sometimes 
coining closii to its muzzle or front fins as it approaches a ship, and sometimes 
darting sideways or forwards for a short distance, and then i*eturning to the side 
of the larger ship. In one instance, where a baited hook was thrown over the 
ship's side, the pilot-fish rushed up, and after swimming close to the bait, returned 
to the shark, and by swimming and splashing round it appeared to be attracting 
its attention. Soon after the shark began to move, wdth the pilot-fish in front, and 
was almost immediately hooked. Instead of the pilot-fish taking care of the shark 
it would rather seem to frecjuent the company of the latter for the sake of the 
fragments of food and other substances to be found in its neighbourliood ; and it is 
doubtless for the same I’eason that these fishes follow ships. In summer, pilot-fish 
will not unfrequently accompany vessels into the southern Britisli harbours ; but 
their purely pelagic habits are indicated by tlic circumstance that their spawn 
and fry are found far out in the open sea. ^J'he young both of this fish and of 
some of the allied forms are so different in appearance from their parents that 
they have been described under distinct generic names. 

BeaBats Both the preceding genera belong to a group of the family in 

which the spines of the anal fin are (hdached from its soft portion. 
As an example of a second group in which these two portions are connected by 
niembrane, we may notice the so-called sea-bats i*emarkable for the great 

height and compression of the rhomboidal body, and the strong development of the 
dorsal and anal fins, which arc often nearly similar in form and size, In<lee<l, 
except that they are symmetrical and have an (ye on each side of the head, the 
sea-bats look almost like flat-fishes. They have the spinous portion of the single 
dorsal fin almost concealed, and with from three to se\'en spines; the anal has 
three spines ; and the pelvic fins, which are sometimes greatly elongated, have a 
single spine and five raJ^s. The scales are rather smaller or medium ; the palate is 
toothless ; and the jaws have a aeries of outer teeth somewhat larger than the 
small ones of the inner rows. These fish, of which there arc but few species, appear 
to be confined to the Bed Sea, Indian Ocean, and the Western Pacific, where they 
are abundant. Some of them attain a length of about 20 inches, and the body may 
be marked by a few broad vertical dark bands, the long lobes of the fins being black. 
In young specimens the rays of the median fins are proportionately much longer 
than in adults, thus giving the whole fish somewhat the appearance of a cheese- 
cutter. Sea-bats are found in a fossil state not only in the middle Eocene of Monte 
Bolca, but likewise in the Cretaceous rocks of England and the Lebanon, so that the 
genus is an old one. In the allied genus Psettus, from the coasts of Western Africa 
and the Indo-Pacific Ocean, the pectoral fins are rudimental. 

The Dories,— Family Cyttidje. 

The deep form of the compressed body, the division of the dorsal fin into two 
distinct moieties, and the circumstance that the number of trunk-vertebrae exceeds 
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ten, and that of the tail fourteen, form the leading features hy which the small 
family of tlie dories are distinguished from the other members of th(^ group under 
consideration. The body may be invested either with small scales or ]x)ny plates, 
or may bo devoid of both. The eyes are lateral, and the teeth conical and small. 
There is no connection between the preopercular and the orbit; the gill-oj)ening is 
wide, and the pectoral tins are thoracic in position. The John Dory fubrr), 
which gives *the name to the family, and is said to derive its own title from a 
corruption of a foreign ecjuivalent of “ gilded cock,’’ represents a genus with few 
species, characterised by a series of bony plates at the base of the dorsal and anal 
tins, and another on the under surface : the anal having four spines. The eight or 
nine spines of the first dorsal fin, which is not much shorter than the secoiul, are 
produced into long sltmder filaments; and there a)*e but few or no scales. The 
genus rang(;s over the Mediterranean, the eastern coasts of the temperate zones of 
the Atlantic, and the Australian and Japanese seas; while in a fossil state it occurs 
in the Miocene deposits of Sicily. An exceedingly ugly and ill-favoure<l creature, 
with a huge protruding mouth, the common dory is olive-brown tinged with j’ellow 
in colour, showing blue and metallic reflections in certain lights. The sides bear a 
large black spot, surrounded by a white ring ; a similar mark occurring in some of 
the other species. A somewhat migratory iish on the British coasts, the dory has 
hfHin long ('steianed by epicures, and it is stated that its llcsh is better on tl\e second 
than on the lirst day. (.^ouch writes that when the pilchards approach the shore, 
the dory is often taktm in considerable numbers. In the autumn of 1829 more 
than sixty were hauled on shore at once in a net, some of them of large size, and 
yet the whole of them were sold for nine shillings. It continues common until the 
end of winter, aft(U' which it is more rare but never scarce. The form of the dory 
would se(im to render it incapable of much activity ; and it is sometimes seen floating 
along with the current rather than sAvimming; yet some circumstances favour the 
idea that it is able to make its Avay Avith considerable actiAuty. It keeps pace Avith 
shoals of pilchards, so that some are usually enclosed in the seine Avith them ; it 
also devours the common cuttle, a creature of \dgilance and celerity : an<l I have 
seen a cuttle of a feAV inches long taken from the stomach of a dory that measured 
only 4 inches.” In the allied genus Cyttus, represented by three species, from 
Madeira, South Australia, and New Zealand, the body is covered with minute scales, 
there are no bony plates, the number of spines in the anal fin is two, and the pelvic 
fins comprise one spine and six or eight rays. 


Stromateids and Coryph^.nas, — Families Stromatei^a: and Coryphjenidak, 

These two families are collectively distinguished from the preceding by the 
absence of any distinct spinous portion to the dorsal fin; the compressed body 
being either obloilg, or very deep ; and there being more than ten vertebras in the 
trunk, and more than fourteen in the tail. In the first of the two the dentition 
is feeble, the palate being devoid of teeth ; but there are horny barbed processes 
projecting into the oesophagus which take the place of oral teeth. The scales are 
very small, the eyes lateral, and the dorsal fin long. The typical genus StrcmuiteuSy 
which includes about half a score species from most tropical and temperate seas, is 
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characterised by the absence of pelvic fins in the adult ; the dorsal and anal fins 

being long, with their joints curving backwards in several of the species, and 

the caudal deeply forked. In habits these fishes are partly pelagic. 

^ The second of the two families is repi-esented typically by the 

Coryphsanas. . ^ */ x »/ */ 

well-known pelagic corypluenas {Corypltmud), popularly luiscalled 

dolphina As a family, the Conj 2 )hwuid(V are readily distinguished from the 
StronidteUliti by the absence of tooth-like processes in tlie ensophagus. In the 
typical genus the body is somewhat elongated and compressed, the adults having 
an elevated crest on the top of the head ; and the cleft of the mouth is wide. 
The single dorsal fin extends in a nearly straight line from the back of the head 
almost to the deeply-forked caudal ; tln^ anal resembles the <lorsal in having no 
distinct spinous portion ; and the well-developed pelvic fins are thoracic in position, 
and can be received in a groove in the abdomen. Teeth are present in tlie jaws, 

as well as on the 
vomer, palatines, and 
tongue : tlie cycloid 
scales arc small; and 
there is no air- 
blad<ler. The cory- 
phamas, of which 
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there are some half- 


dozen species, are 

purely pelagic fishes, ranging over all temperate and tropical seas, and remarkable 
for the beauty of their fleeting colours. Dr. (ilinther observes that so “ far as the 


colours are capable of description, those of the common species {(J. which 

is often seen in the Meditei-ranean, are silveiy blue above, with markings of a 
deeper azure, and reflections of pun^ gold, the lower-parts being lemon-yellow, 
marked with pale blue. The pectoral fins are partly lead colour, partly yellow ; 
the anal is j^ellow, the iris of the eye goldcm. These iridescent colours change 
rapidly whilst the fish is dying, as in the mackerel. The foi*m of the body, and 
especially of the head, changes considerably with age. Very young specimens, 
from 1 to 6 inches in length, are abundant in the open sea, and frequently 
obtained in the tow-net. Their body is cylindrical, their head as broad as high, 
and the eye relatively very large, much longer than the snout. As the fish grows 
the body is more compressed, and finally a high crest is developed on the head, 
and the anterior part of the dorsal fin attains a height equal to that of the body.'' 
This species ranges over Hill tropical seas, and attains a length of from 5 to 6 feet ; 
although its flesh is unpalatable to Europeans, it is eaten by the natives of 
Madras. Powerful swimmers, and associating in large shoals, coryplijenas are 
determined enemies to flying-fish, pursuing them as they skim from wave to wave, 
and capturing them as they again fall into the water. 


Sun-Fisii. example of genera in wliich the body is much compressed, 

short, and deep, we may select the sun-fish (Lamfms Ixma)^ of the 
Is orth Atlantic and Mediterranean, the sole representative of its genus. The 
body is covered with very small deciduous scales, tlie mouth has a narrow cleft, 
and is devoid of teeth, the dorsal has its anterior portion elevated into a narrow 
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point, and the pelvic fins are coiii]>osed of numerous rays. This fish, which attains 
to the length of 4 leet, is remarkable for the beauty of its coloration, the body 
being bluish, with round silvery spots, and the fins brilliant scarlet. Its flesh is 
reported to be of good flavour. In the allied also represented by a single 

sp(icies {M. rndcidata), inhabiting the Indian and Malayan sc‘as, and attaining a 
lengtli of 8 or f) inches, the jaws ai-e toothed, the mouth is very protractile, and 
the first rays of th(i pelvic fins are greatly elongated. This genus is found in a 
fossil state in the middle Eocene of Monte Bolca ; while in tlie London Clay we 
have the extinct Goniofjnathufi. 

Nom^uds and Mackerels, — F amilies and Scomberida^, 

Both these families agree in having two dorsal fins, and in the number of 
trunk- vortel)rfe exceeding ton, and the caudal fourteen. In the first small and 
comparatively unimportant group there may be finlets behind the dorsal and anal 
fins; the dorsal lias a distinct spinous portion, thc^ caudal is forked, and the body 
covered with cycloid scales of moderate size. All thesti fishes are marine, and, in 
tin? young state at least, pedagic. . Of tln^ better-known genera, Gaslrorhlf^ma,, with 
a liroad cleft to the mouth, finlets on the back and abdomen, and enormous pelvic 
fins, capable of being folded into a cleft in the body, and of which the position is 
thoracic, is known by a single New Zealand species (G. onrlionjxfs). On the other 
hand, Nonuras, with two specit‘s from tlie Trojacal Atlantic and Indian Ocean, 
lacks finlets, and has a narrow mouth-cleft. 

Mackerels second of the two families is typically represented by the 

triu‘ nuickerels (Scohtlxr), an<l is characttTis(‘d by the oblong or 
slig.htly elongated form of the liody — which is but very slightly comj)ressed, and 
covered either with very minute scales, or naked — and the structure of th(^ dorsal 
fins. T1 h‘ first of these may be eitlnu’ modifi(‘(l into free spim's, or an a<lhesive disc, 
or th(' posttn’ior dorsal, together with the anal, is split up into finlets. There mav or 
may not be an air-blad<Ier. Characterised by tludi* beautiful ])roiective coloration, 
which is soiiu^ shade of bluish green, mottled or l)arred with black above, and 
iridescent silver beneath, the members of this family are all pelagic and 
carnivorous fish, associating in shoals, which may be of immense size, and 
fre(pienting all tropical and temperate sca.s. To enable tliem to keep up their 
constant rajnd movements, their muscles, which are conse(iuently red in colour, 
receive a much more abundant supply of blooil than is the case with other 
members of the class, and their temperature is therelvy raised several degrees 
liigher. Although spawning in the open sea, at certain times of the year tliey make 
periodical migrations towards the shore in pui\s\iit of the shoals of herrings and 
•their fry* on wliich they so largely subsist. In time, the family dates from the 
lower Eocene deposits of Switzerland, where it is repre^sented by several extinct 
genera, and likewise by a species of sucking-fish ; while many of the other existing 
genera occur in the latter deposits. 

The truh mackerels are characterised by the first dorsal fin being continuous, 
witJi feeble spines ; the presence of five or six finlets behind the dorsal and anal ; 
the very small scales, which arc evenly distributed ovi‘r tlie body ; the small size of 
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the teeth; and the two short ridges on each side of the caudal fin. Although 
there are but very few species of mackerel, these have a veiy wide I'ange ; and the 
genus is represented throughout the temperate and tropical seas, witli the exception 
of the Atlantic seaboard of Tempei'ate South America. The^ general coloration 
and form of mackerels ai'e too well known to call for description, and it will 
suffice to mention that of tlie three European forms the common mackerel 
{H. vernalisy lias no aii'-bladder, while the southern mackerel {S. imeuhiiatophorm) 
takes its name IVoui the presence of that organ, which likewise exists in the 
Spanish mackerid {8. coli(is). In a fossil condition this genus occurs in the 
European Eocene and Miocene d(*posits. Of the common mackerel, which is 
represented in the upper figure of the illustration on p. 304, Yan-ell writes that 
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“the ordinary length varies from ]4 to 10 ineli(‘s, and tlaur weight is about 2 lbs. 
each; but they are said to attain the length of 20 inches, with a proportionate 
increase in weight. The larg(\st fish are not, however, considered the best for 
table. As an article of food, they are in great 3’<‘(]uest ; and those taken in the 
months of May and June ai’e generally consi<lored to be superior in fiavour to 
those taken either earliordn the spring or in autumn. To be eaten in perfection, 
this fish should be very Iresli.” The enoianous takes of mackerel which occasionally 
reward the labours of British fishermen are too well known to need mention. 

Tunnies. Under this general title may be included not only the fish to 

Avhich the name tunny {Thyim m meditcTTanetis) properly pertains, 
but likewise those commonly designated bonitos and albicores. The genus, which 
comprises some of the largest of all pelagic fishes, difiei’S from the true mackerels 
by the greater number (six to nine) of finlets, by the scales forming a kind of 

1 The author can neither admit the combination Scoinher scomber as tlie title of this fish, nor tliat of Thynnus 
thynnus for the tunny. 
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corselet on the anterior part of the body only, and the presence of only a single 
longitudinal ridge on each side of the tail. The tunnies have a geographical 
distribution coextensive with that of the family ; and in a fossil state are found 
in the Eocene an<I Miocene deposits of the Continent. The common species, which 
attains a length of over 10 feet, and a weight of half a ton, is an occasional visitor 
to the British coasts, and is abundant in the Mediterranean, where it has been 
regularly fished for since very early times. At the prestint day specimens of a 
hundredweight each may often be seen in the Lisbon market; their flesh, which 
is as red as })oef, being cut up and sold by wtiight. The bonito {T, jwlmnyii) is a 
smaller and more slender iish, rarely exceeding a yard in length, and fre({uenting 
all temperate and tropical seas; while the name of albicore is applied to species 
like T. alhicotu of the Atlantic, characterised by the great length of their pectoral 
fins, some of these fish attaining a k‘ngth of G feet. Albicore and bonito will 
follow in tlie wake of sailing-ships for weeks together. They l>rey laigely on 
flying-fish; and Bennett writes of one species that it was interesting ''to mark 
the precision with which it swam beneath the aih’onaut, keeping him .steadily in 
view, and prej)aring to seize him at the moment of his descent. But this the flying- 
fish would often elude by instantaneously renewing his leap, and not unfre(juently 
escape by extremis fjgility.'' Moseley writes that, whim at St. Vincent, he saw a 
tunny of some 25 lbs. in weight attracted by baits thrown into the water by some 
negroes, who kept on casting in fresh ones for some time, in order to give their 
victim confidence. “A very strong piece of cord, with a hook like a salmon-gatf 
made fast to it, was then baited with a small fish, just enough to cover the point 
of the hook, and a stout bamboo used as a rod. The C(;rd was hitched tight round 
otic end of it, with about a foot of it left <langling with the hook. One negro held 
the I’od, and another the cord, the bait being hehl just touching the surface of the 
water. The fish swam up directly, and took it; the negro holding the bamboo 
struck sliarply, and drove the ])ig hook right through the fish’s upper jaw, and 
both men caught hold of the lino and pulled the fish straight out on to the rock.” 
This instance indicates the remarkable boldness and voracity of the tunnies, the 
fish in question not being six feet distant from the negro holding the pole when 
it took the bait. Passing over several allied genera, such as Pelamys and Cyhium, 
we proceed to a more interesting group of the family. 

The remarkable adhesive disc on the upper surface of the head 
at once serves to distinguish the sucking-fishes, not only from their 
immediate relatives, but likewise from all other members of the class ; and it mi\y 
be mentioned that the development of this disc by means of what is called natural 
selection presents one of the strong(?st objections to the acceptance of that 
(loctrine, since in its incipient stages such a structure would be utterly useless. 
The genus Echencis, to which all the lialf-score species of sucking-fish pertain, 
differs from all those noticed above in the absence of finlets ; the sucking-disc 
being formed by a modification of the spines of the dorsal, and being composed 
of a number ^of transverse plates, varying from twelve to twenty-seven, according 
to the species. It is not a little remarkable that there exists in the Indian Seas, 
as adso in the Tropical Atlantic, a fish (Elacate viyra) closely allied to the sucking- 
fishes, but witfi the disc represented by a few short and separated spines; and it 
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may be considered certain that this fish is the survivor of the ancestral type from 
which its more specialised nOatives have ])een evolved. The body of the sucking- 
fishes is elonj^ate and pyriform; the eyes are lateral, or directed downwards and 
outwards ; and the cleft of tlie mouth is deep. Villiform teeth are present, not 
only in the jaws and on the bones of the palate, but generally also on the tongue : 
the scales are minute ; and tliere is no air-bladder. The second dorsal and anal 
fins are elongated, and the pelvics thoracic in position. Kotli in this genus and 
Elacate the shape of tlie caudal fin is subject to considerable change with age ; the 
middle portion in the young being producc^l into a long filament, which gradually 
shortens until a rounded margin is produced. At the time of the full development 
of the fisli tlie corners of the tail have, however, grown out, so as to convert the 
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rounded fin into an emarginate or forked one. Of the two most common members 
of the genus, Echeneis remora ^ which is the one represented in our illustration, is 
compai*atively small, growing only to a length of about 8 inches ; whereas E. 
'ttaucrafcH, characterised by the slenderness of its form, may reach a yard in length. 
Sucking-fishes are inhabitants of nearlj^ all seas, and in a fossil state are found in , 
the lower Eocene deposits of Switzerland. " « 

Sucking-fishes are commonly found attached to the bodies of sharks, although 
they may affix themselves either to turtles oj* ships ; and as they are carried by 
their involuntary hosts through a much greater extent of water than , their limited 
powers of swimming would admit of their traversing by themselv<\s, they naturally 
obtain a much greater supply of foojl than would otherwise bo possible. The 
erection of the plates constituting the sucker produces a series of vpeua^by means 
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of. which the adh(‘rence is efiected ; and so strong is the adlicsioii th'at it is very 
difficult to remove one of these tish(;s exce])t by sliding it along the surface to 
which it is attached. Mosc'hy remarks that in sliark-fisliing the suckers some- 
times drop as tlie shark is liauled on board, and sometimes i*emain attached; 
and that when a shark is hookiMl and struggling in the water, they may often be 
seen to shift their position. He adds that as it is the back of the sucking-fish 
that is applied to tluj body ])y which it is transported, this “ being always less 
exposed to light is light-coloured, whereas the belly, wdiich is constantly outei*- 
most and exposed, is of a dark chocolate colour. The familial’ distribution of 
colour existing in most other fish is thus n.^vei'seiL No doubt the object of this 
arrangemtmt is to render the fish less conspicuous on the brown liack of the shark. 
Were its belly light-coloured, as usual, the adherent fish would be visible for a 
great distance against the dark liackgrouiid. The result is that wlien the fish is 
sei'u alive, it is difficult to persuade on(‘self at first that the sucker is not on the 
animars Ixdly, and that the dark exposed surface is not its back. The form of 
th(i fish, which has tlu‘ back flattened and tlie Ixdly raised and rounded, strengthens 
the illusion. Wlnai the fish is ]ireserv(‘(l in spii-its, the colour becomes of a uniform 
chocolate, and tliis curious (dfect is lost. When om^ of these fish, a foot in length, 
has its wet sucker appli(‘d to a table, and is fillowed time to lay hold, it adheres 
so tightly that it is irnpossilile to pull it off by a fair vertical strain.'' When they 
have lost tluiir shark tliese fish oftem attach themselves to a ship, wliich they 
probably mistake for a large', individual of that race. It has been stated that 
certain races are in the habit of employing sucking-fishes for the capture of 
turtles. This cui'ious mode of fishing is practised ])y the natives of Zanzibar, 
Cuba, and Torr(*s Straits. 


Star-Gazers and Weavers, — Family Traciiinivje. 

According to the arrangement adopted by Dr. Gunther, the eighth family of 
the group iindt'r consideration is taken to include not only the typical weavers, 
but likewise the star-gazers and several other more or less nearly allied types, 
these being split up into five subfamilies. On the other hand. Day prefers to 
regard some if not all of these subfamilies as the representatives of distinct 
families ; but in a work of the present nature it will be more convenient to treat 
the whole of them together'. In this wider sense the family is charaettnased by 
tlie more or less elongattnl and narrow form of the body, which may be either 
naked, or have scales. A spinous dorsal, or a s].)inous portion of the dorsal, is 
generally distinct, in which the spines are connected by membrane ; there are no 
•finlets ; the caudal (excerpt in the tile-fish) is not forked ; the pelvic fins include a 
single spine and ‘five rays; and the gill-openings are more or less wide. The 
number of vertebrm in the trunk is generally ten or more, and there arc always 
more than fourteen in the tail. As a rule, the members of this family agree with 
those of the preceding families of the group in the absence of a bony stay connect- 
ing.the preopercular bone with the orbit, but in the genus' Pseudockroynifi and its 
allies such a connection exists. Carnivorous in their habits, the majority of these 
fishes are •of Mnall size, with but feeble swimming powers, and living on the 
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bottom of shallow seas. The tile-fish and its allies are, however, large deep-water 
forms; and the genus BaiJnjdraco has been taken from depths of over 1200 
fathoms. They inhabit all seas except the Arctic, where tliey are almost unknown. 

The star-gazera, as typically represented by the genus Uvano- 
Star-Oaaerg. one species {U. scaher) is shown in the upper figure 

of the accompanying illustration, form the first subfamily, and take their name 
from the upward direction of their small eyes, whicli are situated on the upper 
surface of the head. They are fuiiher chai’acteri,sed by the continuous lateral 
line, an<l by the spinous poi-tion of the single or double dorsal fin being less 
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developed than the soft part, which is similar to the anal. The members of the 
typical genus are distinguished by the large, broad, and massive h(^ad being pai’tly 
covered with bony plates ; tfie vertical cleft of the mouth ; and the minute size of 
the scales. The first of the two dorsal fins has from three to five spines, and the 
rays of the pectorals are branched. Villiform teeth are present in the jaws and 
on the bones of the palate, but there are no tusks. The gill-cover is armed ; 
and there is generally a long filament below or in front of the tongue, but there 
is no air-bladder. While the figured species is from the Mediterranean, the others 
range from the Indo-Pacific to the Atlantic. Rarely measuring a foot in length, 
these exceedingly unprepossessing fish can raise or depress their small eyes at ,will, 
and are generally found lying sluggishly on the sea-bottom in wait for their prey, 
frequently concealed among stones. The filament in front of the mouth, which 
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is moved by the stream of water continually passing through the latter, doubtless 
acts as a lure to entice the small creatures on which tlu'se fishes feed. In the 
allied Leptoscopus of Ncav Zealand, and IcIitkyoscopaSy ranging fi-om India to 
Japan, there is but a single dorsal fin; the latter genus agreeing with the true 
star-gazers in having bony plates on the head, whereas in the former the whole 
head is invested in a smooth skin. The Indian I. inerrnis attains a length of 
2 feet, and is stated to live in the mud. 

Weavers common English weaver, or sting-bull (Trachinus draco), 

shown in the lower figure of the illustration on p. 374, is the best 
known representative of the typical genus of the second subfamily, in which the 
eyes are more or less lateral in position, the lateral line continuous, and the hinder- 
part of the premaxillary bom's devoid of an enlarged tooth; the dorsal fins being 
one or two in number. In this particular genus the cleft of the mouth is very 
oblique ; the eyes have an upward inclination ; the cycloi<l scales arc very small ; 
and there art', villiform teeth both in the jaws and on the bones of the palate. 
Of the two dorsal fins, tlie first is very slioi-t and furnished with six or seven 
spines; and the lowtu' I’ays of the pectorals are simple. In the head both the 
preorbital and preopei'ciiJar l)ont‘S are armed. The weavers have a somewhat 
peculiar geographical distribution, being found in the European seas, but unknown 
on the Atlantic coasts of America, although reapj)earing in Chilian waters. In 
the British seas they are r<‘pi*(‘sente<l by the greater weav(‘r (T, draco), frequently 
iricasui'ing about a foot in length, and the lesser weaver {T, vi}>cra), which seldom 
exceeds (3 inches. Yarrell writes that “the great weaver generally measures 
about 12 inelu's in length, but has be(‘.n known to attain 17 inches; its food 
is the fry of otlu'r fislies, and its flesh is excellent. It swims very near tlio 
bottom, is sometimes tak(‘n in deep water by the trawl-net, and occasionally with 
a baited liook attached to de('])-s<‘a lines. Wlien caught it should l)e handled 
with great caution. I ha\’c^ known, says ]\Ir. Couch, three men wounded success- 
ively in ihi\ hand ])y tln^ same fish, and the conseepumces have been in a few 
minutes felt as high as th(‘ shoulder. Smart friction with oil soon restores the 
part to lu'alth, but such is tlio degree of danger, or appi-ehensiou of it rather, 
ari^ng from wounds inflicted by the spines of the weavers, that our own fishermen 
almost invariably cut off the first dorsal fin and both opercular spines before they 
bring them on shore.’’ The poisonous secretion, which is a modification of the 
ordinary mucus, is lodged in a deep double groove in the spines of tlie dorsal fin 
and gill-cover. There arc' numerous other genera of the ^subfamily, among which 
the above-mentioned Baihydraco is noteworthy as being a deep-sea fish. 

The third subfamily — regarded by many writers «s a distinct 

Tile-Fish. undc'r the name of LatilUkv — has been long known by the 

genera Latilus and ringaipes from various tropical and subtropical seas, and is 
characterised by the body being covered with small scales, the lateral position of 
the eyes, the continuous lateral line, and the presence of a large tooth on the 
hinder part*of the premaxillary bones. Especial interest attaches to the group, 
on account of the discovery of a new member off Nomans Land, Massachusetts, 
in *1879, which received the name of tile-fish {Lopholafilas cltamodeoniiceps). 
An in tere.^ting. account of this fish is given by Mr. B. Plnllips, who, after mention- 
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tliat the first example was taken by the ca])tain of a fishing-smack when 
working cod-lines in deep water, ^oes on to observe that the tile-fisli was one of 
the most brilliantly-coloured fislu^s out of the tropics, and remarkable for the 
presence of a soft dorsal fin, resembling that of the salmon, which is placed on 
the neck in advance of the regular dorsal hn instead of behind it, as in the salmon 
family. In the U.S. Fisliing Ileport of lcS 81 , it is stated that “there is every 
reason to beli(;ve that the tile-fish will rank among the most important food-fishes 
of the United States.'’ The fish would wcugh from 10 lbs. to 40 lbs., and its 
abundance was ]*emarkable. It took the hook readily, an<l in an hour or two 
a catch of 250 lbs. of tile-fish was not uncommon. As the lines used were the 
same as for cod-fishing, no change of apparatus was necessary. Jt was then 
believed that this new fish would singularly increase the food-supply of the North 



Atlantic Coast ; but just when American fisherme‘n were beginning to apply their 
skill to the catching of tile-fish off the New England coast, the Loj>kolatilm 
disappeared. 

Two other subfamilies, distinguished by the lateral line being 
Other Groups. stopping short of the caudal fin, are si‘\'ei*ally typifi(*(l 

by the genera Pseudochroniis and Notothmin ; the foriiKU’ subfamily having the 
dorsal fin continuous, while in the latter it is divided. rHctulochroviis and certain 
other genera include tropical fish frequenting coral-reefs or coral-coasts, and 
taking their name from their superficial resemblance to the members of a very* 
<lifierent family — the ChromAdidai. They differ from all the allidnl forms in having 
a bony stay connecting the preopercular bone with the infraorbital ring. 

Soft-Spixes and Frog-Fishes,— F amilies Malacantiitd^e and Batraceid^E, 

Of these two unimportant families, the first is represented solely by the soft- 
spines (Malacanthus), and differs from the preceding family by having only ten 
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trunk and fourteen tail -vertebrae. The body is elongated, and covered with very 
small scales ; the mouth has very thick lips; and the preniaxilhu liave a large 
tooth behind. The dorsal fin is single, and, like the anal, greatly elongated; 
its anterior portion having a few simide rays. There is one spine to the five- 
rayed pelvic fins ; and the gill -membranes are united beneath the throat, the gill- 
cover being armed with a spine. Of the three tropical species constituting this 
genus, the one here figured (i/. IkpaIH) is distributed through the Indian and 
Pacific Oceans, from Mauritius to the Sandwich Islands; the second has a nearly 
similar range ; but the third is found on the Atlantic coast of Tropical America. 

Fi’og-tishes (BiUracIms) may be taken as oui* representatives of 
Frog' hes. f^ocond of the two families under consideration. The family to 
which they belong is characterised by the distinct spinous portion of the dorsal 
fin, wliich includes a few pungent spines ; while th(‘ pelvic fins have one spine 
and only two soft rays. The head is broad, thick, and frog-like; the body 
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elongate, and compressed behind ; and the skin either completely naked, or 
covered with small scales; the conical teeth being of small or medium size. The 
soft dorsal an<l anal fins are elongated, and tlu' pectorals simpk' ; the rather 
narrow gill-opening forming a more or less nearly vertical slit in advance of the 
latter, and the opercular bones being armed. An air-bladder is invariabh' present. 
All the members of the family are of small size and carijivorous habits, living on 
the sea-bottom and often ascending tidal rivers ; but, wliile the majority are 
confined to the tropics, a few range into the warnuu* parts of the temperate zones. 

• As a genus, the true frog-fishes are characterised by the spinous portion of the 
dorsal fin havinj^ three strong spines, and the ])resence of several spines on 
the gill-cover ; while in many species the margins of the mouth, as well as other 
parts of the head, are provided with shining bmtacles. Out of about a dozen 
species, one* (5. didaefylus) occurs in the Mediterranean. Some of the species 
have a poison-gland under each p(‘ctoral fin ; and at Penang all the tribe arc 
regarded as highly poisonous, although in Bombay their flesh is eaten by the 
poorer classes, of natives. The poison-gland attains its highest development 
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in a species from the Pacific coast of Panama, described under tlie name of 
Thidassophrixne, in whicli it is stated to be as perfect as in the venomous snakes. 
In this fish each opercular bone terminates in a long spine similar to those of the 
dorsal fin ; these spines being perforated by a canal having an aperture at their 
base and summit. This canal communicates with a sac containing the poisonous 
secretion, which can bo made to flow out through the spine by pressure. 

Angler-Fish and their Allies, — Family Lophiidjf:, 

Passing over one very unimportant family, our next representatives of the 
group under consideration are the angler-fish and their allies ; a family nanaikablo 
for their extreme ugliness and strange forms. Possessing the group-cliaracters 
already noticed, they are specially distinguished by having tla^ spinous dorsal fin 
placed far forwards on the head, and generally modified more or less completely 
into tentacles, although it may be represented by isolated spincvS. The head and 
fore-part of the body are of enormous relative size, and the teeth in the capacious 
mouth are either villiforiu or rasp-like. When present, tlu^ pelvic fins consist of 
four or five soft rays ; and tin 5 pecto)*als are supportetl by a prolongation of some 
of the superior bones. The gill-op(niing is rt‘duced to a small tiperture situated 
near the pectoral fin ; and the gills themselves are either two and a half or three 
and a half in number, false gills being generally absent. These fish arc distributed 
over all seas, Di*. Gunther wrib's that “the habits of all are ecpially sluggish and 
inactive; they are very bad swimmers; those fouml n(‘ar the coasts lie on the 
bottom of the sea, holding on with their arm-like pectoral fins to seaw(*eds or 
stones, between which they are hidden ; those of pelagic habits attach theniselves 
to floating seaweed or other objects, and are at tlie mercy of wind and cuiTcnt.’* 
A large proportion of the genera have, therefore, found their way to the great(‘st 
depths of the ocean, retaining all the characteristics of their surface-ancestors, 
but assuming the modifications by which they live in al^ysmal depths. 

Anglers Hmall number of species constituting the typical genus 

(Lopldus) of th(^ family include its ugliest representatives, among 
these being the British angler-fish (L, p locator ius), which also rejoices in tlu; titles 
of fishing-frog, frog-fish, or sea-devil. Its leading characters are to be found in 
the enormous siz() of the broad, depressed, and rounded head, near the middle of 
the upper surface of which are situated the small eyes; and the gi*cat width of the 
cleft of the mouth, which looks like a yawning chasm. Both the jaws and palate 
are armed with rasp-like teeth of unecjual size, capable of being raised and 
depressed at the will of their owner. The body is naked ; the first three spines 
of the dorsal fin form long tentacles on the head, and the next three are con- 
nected ; the soft dorsal and anal fins being of small length. Young specimens are 
exceedingly unlike their parents, having the head smaller, the tentacles bi’anched, 
and most of the rays of the fins produced into long filaments. The whole of the 
few known forms are coast-haunting fishes, the common species ranging from 
the European and South African seas to those of the western side of North 
America ; w^hile a second is found in the Mediterranean, a third in Chinese and 
Japanese waters, and a fourth in those of the Admiralty Islands. .In tHie British 
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species the general colour of the \ipper surface is uniform brown, becoming diarker 
on the fin-membranes ; while the under-parts, as well as tlio pectoral and pelvic 
fins, are white ; the tail Ixnng dark blackish l)rown. The colour is, however, 
subject to a certain amount of modiiicatiou, according to the tint of the inanimate 
surroundings of the individual. Although commonly not more than a yard in 
length, specimens of this ugly monster hav'c been known to measure more than 
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5 feet. In all respects the angler affords us an example of a creature most 
admirixbly motlifibd and adapted for the exigencies of its particular mode of life. 
Living on the mud or sand of a shallow .sea-bottom, the angler is protected not 
only by its power of adapting its own coloration to that of its environment, but 
likewdse by’tho fringed appendages suiTounding the head presenting thd appear- 
ance of a mass of seaweed. The structure of the paired fins renders the fish able 
to walk on the .sea-bottom ; and with these limbs it also stirs up at tinms the sand 
and nmdito attract iis prey, and at the same time to aid in concealing its own 



380 


SFINV-FINNED GROUP, 


ugly person. Fish and other prey arc also attracted by tlie constant movement of 
the first tentacle 011 the head, the summit of wliich terminates in an expanded 
lappet; and no sooner is the unfortunate victim well within reach, than it is 
engulfed with one snap of the caj^acious mouth ; the erectile and backwardly- 
directed teeth preventing any chance of escape from tliis avernus. 

As an example of a ptdagic genus of the family \ve select the 
Tentacle-Fish. , . ^ ^ \ 1 p • x 1 m r 

tentacle-fish so I’emarkable for their nest-building 

habits. In these fishes the large head is elevated and compressed ; the ch^ft of 

the mouth b(‘ing quite oi* nearly?' vertical, and of only moderate width. There are 

rasp-like teetli on the jialate and jaws ; the eyes arc small and lateral ; the body 

may be either naked, or covered with granule's or spines, which may be modified 

into tentacles ; and tlic head is famished with three tentacles vt'iy similar to those 

of the true anglers. The soft dorsal is of moderate length, and the analshoi’t; 

pelvic fins being present. Although chii'lly tropical, theses fishes are often carried 

far into the temperate seas ; and many of them have a most extensive range, being 

found alike in the, Pacific and Atlantic Oceans. Feeble swimmers, these fishes arc 

not unfrequently to be found near the coast, where they concc'al themselves beneath 

corals, stones, or seaweed, to which they hold fast by their arm-like pectoral fins. 

They have also hoon observt'd to hop over moist ground or slimy seaweed, and 

at times conceal themselves in the nui<l, after the manner of the true anglers, 

attracting their prey by the movements of the first tentacle on the head, the 

extremity of which, when in motion, much resembles a worm. When at sea, they 

have the power of inflating tluur bodies in the same way as the glolie-fishes. It 

has been obsei'ved that one of these fishes placed in a liasin containing a small 

quantity of water produced so strong a current b}^ the passage of water through 

its jaws, and its subse(pient expulsion through the gill-orifice, that a rapid rotatory 

motion resulted. , **Tho gulf- weed,’ writes Hay, assists the migration of these 

fishes; during the winter months the prevailing winds biing to the islands of the 

Bermudas laige fields as well as isolated patches of wc'ed, on which many fishes 

find a homo, and among them Here it makes its wonderful nest, 

suspended by means of silk-like fibres, which prove strong enough to support the 

huge^ bunches of eggs that hang like grape-clusters within its orbicular case ; 

and M. Vaillant has shown that each nest is made of one seaweed, the different 

twigs being brought together an<l made fast to each otlu'r by the fish by means 

of a pasty sort of substance provided by the animal itself/’ 

The Bull-Heads and Guenakds, — Family Cottid.e. 

Tlie thirteenth family of thci present section diffcivs from all the foregoing, 
with the excejition of the genus Pseiulochromis and its alliens, in the presence of 
a bony process arising from the infraorbital ring of the skull to connect it with 
the spine at tlie angle of the preopcrcular bone. In shape the body is more or 
less clorfgate and subcylindrical ; the cleft of the mouth is transvei^se, and the 
weak teeth are generally arranged in villiforrn bands. As a rule, there are two 
dorsal fins, of which the spinous is less developed than the soft ; both the latter 
and the anal being elongated ; the pectorals may be provided with fiiamentous 
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appendages, and the pelvic pair havci not more tlian five rays. The body may be 
either naked, scaled, or protected by a single row of plate-likc scales. The 
members of this family, whicli arc arranged under a good many generic heads, 
are distributed over almost all seas, while a few inhabit fresh waters. Of com- 
paratively small or medium size, these hshes have but poorly developed swimming 
powers, and ^peml their time swimming or crawling at the bottom of the sea in 
shallow water at no great distance from tlie coast. A Japanese bull-head is stated, 
however, to liave been dredged in hve hundred fatlioins of water. In a fossil state 
gurnards refei*able to the existing genus occur in many of the European Tertiary 
rocks; while remains of bull-heads are met witli in tlie upper Miocene of Easle, 
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COMMON BULL-HEADS (liat. hizf.) 

and those of the allied extinct genus {Lepidocoit us), distinguished by its ctenoid 
scales, in the upper Eocene of Switzerland. 

Bull-Heads familiar bull-head or miller's thumb (Cotius gohio), of the 

streams of Britain and many other parts of Euroj)e, Mongs to a 
genus containing •some foity species, mostly distributed over the fresh waters and 
coasts ol the temperate zone of the Northern Hemisphere. All are of small size, 
and characterise<l by the broad, <lepressed, and rounded head ; the subeylindrieal 
body, somevdiat compressed posteriorly ; the absence of scales ; the distinct lateral 
line ; and tlie rounded pectoral fins, in which some or all of the rays are simple. 
Villiform teeth are present on the jaws and vomer, although there are none on 
the palatipe bpnes. In the majority of the fresh-water species the spine on the 
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preopercular Lone is simple, but becomes branched in many of the marine forma 
The common fresh-water species, wliich ranges over Central and Northern Europe 
to Nortliern Asia, seldom exceeds 4 or 5 indies in length, an<l is more generally 
found in small streams than in large rivers. It has a well-known habit of con- 
cealing its broad and flat head beneath loose stones on the river-bottom, and in 
this position will lie motionless for hours, but when disturbed swims swiftly away. 
Its food consists of the larva) of water-insects and crustaceans, as well as the eggs 
and fry of other small flsh. The other British rejjresentatives of the genus are 
all marine, and include tlie sea-scorpion (C. scorj>iu8) and father-lasher {0. hiihalis), 
both oC wliich are also found on the opposite side of the Atlantic, as well as two 
other less common spc^cies. The males of the common marine species are stated 
to build a nest of stom‘s and seaweed for the reception of the spawn ; and to guard 
and defend the young fry when hatched. 

On the Indian and Australian coasts tlie bull-lieads ai-e rejireseiited by the 
so-called flat-heads, or crocodile-flsh(is (Plafijcrphalu^i), in wliich the much 
depressed head is more or less fully armed with spines, and the body covered 
with ctenoid scales ; the anterior spine of tlie first dorsal fln being isolated from 
the rest, and teeth present on both the vomer and palatine bones. Day writes of 
these fislies that “ the wounds from their spines are dreaded because of the violent 
irritation they occasion. Their eyes arc peculiar ; the iris possesses two' semi- 
circular flaps, one above, the otlier beloAV, the upper being usually the larger; 
these flaps can be brought close together, probably under the stimulus of light.'' 

Gurnards decidedly Ugly appearance, the gurnar‘ds (Trifjht) arc easily 

recognised by their enormous, sipiare, and elevated heads, in which 
the upper surface and sides are entirely bony, and likc^wise liy the flnger-like 
first three rays of the pectoral tins, which serve not only for walking on the 
sea-bottom but likewise as organs of touch. Thtu'c are two dorsal tins, of which the 
spinous is tall, and the soft one long, low, and similar to tlie anal : the tail-fin 
being slightly rounded. The teeth are villiform ; and the air-bladder, wliich is 
generally furnished with lateral muscles, may be divided into two longitudinal 
halves. They have been divided into three subgenei'a, of which the typical one 
is characterised by the absence of teeth on the palatines, and the small size of the 
scales, with the exception of the highly modified ones forming the lateral line, 
wdiieh are large, triangular, and spiny. The second group is distinguished by the 
medium size of the scales; while in the third teeth are present on the palatine 
bones. Their colours are frecpnuitly brilliant, and the fins highly decorated. 
The genus is represented 'by some forty species, distributed over all temperate and 
tropical seas, out of which no less than seven are found in British waters. Their 
flesh, which is firm and flaky, and of a pale orange-pink tinge, is exttuisively used 
as food. One of the best known of the British species is the red gurnard (T.pini), 
which seldom exceeds 12 or 14 inches in length, and, when freshly caught, is of 
a bright red colour, with the sides and under-parts silveiy white, and the fins 
reddish lyhite. Its food consists of crustaceans, which give the pinkish tinge to 
its flesh, and the spawning-season is May or June. The sapphirine gurnard 
{T. hirtindo), which is the one represented in the woodcut, is another British 
species, taking its Latin name from the length of the pectoral fins, and its English 
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title from the beautiful uzui*e tint of their inner surfaces. More abundant than 
the* other species, this gurnard may reach a couple of feet in length, its general 
colour being brovvnisli red. A tliird Britisli form is commonly known as the piper 
(jT. lyra), and may be recognis(‘d by the unusually large size of the liead, the more 
projecting muzzle, and th(i givater length of the spines of the gill-cover. Tlie 
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general colour is brilliant red, with the under-pai'ts white. It attains a length of 
a couple of feet, and is supposed to take its name from the grunting sound which, 
in common with other species, it emits when first handled, owing to the escape 
of air through the mouth. The European forms are rarely found on the other side 
of the Atlantic, where their place is taken by representatives of the third subgenus. 

•Two British species are figured in the coloured Plate, namely, the grey gurnard 
{T, giirnardm) above, and the streaked gurnard {T. lineafa) below. 
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The Fj.ying Gurnards and their Allies, — Faniily Daqtylopteridjs, 

Anotlier family of the present section is typified by the so-called flying 
gurnai’ds, and is ea>sily recognised by the investiture of the body in an armour of 
bony kcffied plates or scales. In form the body is elongate and subcyclindrical ; 
the t(‘eth are weak ; and thei*c is a bony stay connecting the preopercular with 
the infraorbital I'ing. Tliesti fishes are all marine, some being pelagic, and they 
are found in all seas, from the Arctic Ocean to the E(piator, as well as in the 
Southern Hemisphere. They are represented hy an extinct genus (Pefahipteryx) 
in the Italian middle Eocene 

The cuilous-looking fish (Agonus cataphraeiasi), figured in the 
accompanying illustration, is the Ih'itish repressentative of a genus 
of small-sissed fishes inhabiting the northern temperate seas and extending into 
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the Arctic Ocean. They are characterised by the angulation of the head and body, 
which are invested in Bony plates ; the small size of the teeth in the jaws ; the 
two dorsal fins ; and the absence of appendages to the pectorals. Of the armed 
bull-heiad, as the Bntish species is popularly termed, Yarrell writes that it is not 
uncommon along the line of our southern coast, where it is well known ; and the 
young of small size are frequently taken by tlie shrimpers in most of the sandy 
bays at the mouth of the Thames and of othtir rivers ; on the eastern coast it is , 
very p^^entifuL It seldom exceeds G inches in length ; its food is aquatic insects 
and cinistaceans ; it spawns in May, depositing the ova among stones, and its flesh 
is said to be firm and good.” Somewhat curiously, an outlying representative of 
the genus occurs on the Chilian coast. - ^ 


M. 





BULL-HEADS AND GURNARDS. 


3»S 

BaaiEed As a genus remarkable for the singularity of their forn), we may 

‘ <*ttrttards, briefly notice the beaked gurnards, of which the European representa- 
tive (P&riatethxibfi cataphr act turn) is shown in our illustration. These rather small 
fishes are specially characterised by the preorbital bone being prolonged into a 
flattened process projecting on each side beyond the muzzle; the whole of the 
squared head being invested in a solid bony case. Large plates of bone form the 
body-armour ; the dorsal fin may be either continuous or divided into two moieties, 
of which the second is the longer ; there are two free appendages in advance of 
each pectoral fin; teeth are wanting; and the lower jaw is provided with barbels. 
These fishes, of which there are some ten representatives, range from the southern 
shores of Britain, through the Mediterranean and Atlantic, and likewise from the 
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Indian Ocean to China and the Sandwich Islands. Nowhere abundant, they are 
believed to inhabit deeper water than the gurnards, which they resemble in their 
general mode of life. 

Flying Of more interest than either of the preceding are the so-called 

aumards. flying gurnards (Dactylopterue) of the Mediterranean, the Tropical 
Atlantic, and Indo-Pacific Oceans, since they alone share with the true flying- 
fish the power of taking long flying leaps along the surface of the sea. In order 
to do this, their pectoral fins are greatly developed, assuming a wing-like form, 
with the anterior portion shorter and separated from the remainder. The upper 
surface and sideg of the squared, gumard-like head are bony ; long spines are present 
on the scapular and preopercular ; the body is covered with medium -sized keeled 
aoales, among which there is no lateral line ; and the second dorsal fin but slightly 
eweeds the first in length. Although granular teeth are present on the jaw, the 
palate is toothless. The air-bladder is divided into longitudinal halves, and 
lumished with a muscle. It is only in the adult that the pectoral fins ^ suffi- 
ciently developed to enable these fishes to " fly.'* Of the three species, tfie beet 
voCv .— 25 
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known is D, voliiavs, which may bo commonly mot witli in the Mediterranean. 
Very similar in their habits to the true llying-fish, the flying gurnards ax’e moiV 
heavily built, and measure as much as 18 inches in length. 

Dragon Fishes place may be noticed the curious litthi dragon -fishes 

{Pcrf(f.HnH), from the Indian, Chinese, and Australian seas, whicli 
although referred by Dr. GUnthor to a <listinct family are includ(‘(l by Day in 
the px'escnt one. In these sti*ange little fishes tlu^ broad and depressed body is 
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coverfMl with bo3iy 
plat(‘s, wln'ch are 
movable, althougli 
th()S(i investing the 
tail are firmly 
welded together. 
The nari*()w gill- 
opening is situated 
in front ot* tlu^ 
pectoral fin ; the 
gill-cov^er is formed 
of a singl(‘ plate, 
and the gills them- 
selves are four in 
number. The single 
shoi’t dorsal fin is 
placed opposite^ an 
anal of similar 


size ; the pectorals are long, horizontal, and composed of simple I’ays, some of which 
may be spinous ; and the pelvis comprises one or two rays, the outer one being 
elongated. Both teeth and an aix'-bladd(‘r ai’c wanting. ’The figured species 
{F. na^tans) is an Australian on(% and is less well known than the Indian P. draco 
and the Chinese P, volcvs; dried specimens of the latter being familiar objects 
on Chinese insect-boxes. Nothing seems to have been ascertained as to the habits 
of these fish, although it has been suggested that they probably fretpxent sandy 
shoi’es. With this family we take leave of the great Cotta-Scombri form section, 
as it is called, and on to another containing only two or three families. 


The Lump-Suckers, — Family Oyclovt:ertik^, 

With the lump-suckex’s we come to a small section chai’act(*rised by the 
spinous doi'sal fin being shox't, and either composed of flexible spines, or much 
less developed than the soft dorsal, or soft portion of the same the soft dorsal 
being equal in extent to the anal. If px^esent, the pelvic fins ai'o either thoracic 
or jugular in position, with one spine, and generally five (I’arely four) soft rays. 
There is a prominent papilla in the neighboui'hood of the vent. In no case is 
there a bony stay to the preopercular from the infraox’bital ring. Asa family, 
the lump-suckers ate charactei’ise<I by the thick or oblong body, which may be 
either naked or tuberculated ; the small teeth ; and the presence of a circular 
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fihades of blue, purple, and ricli orange/' These voracious fishes feed chiefly .on 
the fry of otlier species. In the Arctic lump-sucker there are large, 

conical bony plates, surmounted with a spine, on the head and body of the adult. 
In the allied Liixtris the skin is naked, and more or less loose. 


The Gobies and Mud-Skippers, — Family Gobiida:. 

The gobies and their allies differ from the preceding family in that there are 
always distinct rays to the pelvic fins ; altliough in some cases the two fins may 
be joined in the middle line. Elongated in form, the body may be either scaled 
or naked ; and the teeth are generally small, but may have enlarged tusks among 
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them. The spinous portion of the dorsal (whether separate or continuous with 
the soft dorsal) is always composed of flexible spines, and shorter than the soft 
dorsal. The gill-opening is more or leas narrowed, and there is usually no air^ 
bladder. This very extensive family comprises littoral fishes of small size and 
carnivorous habits, a few of which have accustomed themselves to a fresh-water 
life. It contains a large number of genera, some of which are extremely numerous 
in species, as are the latter in individuals ; and tlieir range includes the coast- 
regions of all the temperate and tropical seas. Geologically, the group is com- 
paratively ancient, true gobies dating from the middle Eocene of Monte Bolca, 
while the extinct genus Chirothrix occurs in the Chalk of the Lebanon. 

Familiar to all in the person of the common British species 
Oohivs nigevy the gobies form a very large genus, with a 
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geographical distribution as extensive as that of the family, but especially well 
represented in tropical and subtropical seas, no less than forty different kinds 
being recorded from those of India alone. These fishes have the body generally 
scaled; two dorsal fins, of which the first is usually furnished with six flexible 
spines; the pelvic fins united to form a disc, which, however, is at most only 
partiall}’^ adlnu-ent to the abdomen ; the teeth in more than a single row ; and 
the vertical gill-opening of moderate width. The form of the body is subject to 
considerable specific variation ; and in some forms the head, and in others a part 
or even the whole of the body is devoid of scales. In some cases there may bo 
barbels or warts on the head, and in others a crest on the occiput. There are 
likewise considerable differences in the dentition, some species having large tusks 
among the ordinary teeth. The gobies, of wliich there are several British marine 
species, are especially partial to rocky coasts, where they protect themselves 
against waves and storms by adhering to rocks by means of the sucker formed 
by their modified pelvic fins ; many of tliem Ixdng often found in the swirl of the 
retreating waves. Some, howevei*, prefer brackish estuaries or lagoons, while 
others again, like the Russian species {G. fliiviaiilis) represented in our illustration, 
arc exclusively fresli- water. In many of them the male constructs a nest in whicli 
the spawn is hatched. In the case of the spotted goby, oi* polewig (G. minutus) 
— a species found for some distance up the Thames — the male, when in tidal 
pools, generally chooses one of the shells of a cockle or some other bivalve for its 
nest; the shell being placed on the sand with its concave surface downwards, 
beneath which the sand is hollowed out and cemented by a special mucilaginous 
secretion from the skin of the fish ; a cylindrical tunnel giving access to the nest, 
and the whole structure being covered over with loose sand. The female having 
deposited her eggs, which are fixed to the shell, in this nest, the male mounts 
guard over them, maintaining his watch during the whole period of incubation, 
which lasts from six to nine days. A European goby {Latriinadvi^s pellwctdufi), 
belonging to a distinct genus, and characterised by its translucent body, is 
almost peculiar among vertebrates in that its span of life is of only a years 
duration. In June and July the spawn is deposited, the eggs are hatched in 
August, while in the late autumn or winter the fishes become fully mature ; these, 
however, die off in the following J uly or August, so that in September only the 
fry are to be met with. 

^ ^ ^ Omitting all mention of a number of more or less nearly allied 

genera, our next representatives of the family arc the mud-skippers 
(Periophthabniuf), remarkable not only for the peculiar physiognomy given them 
by their conspicuous eyes, but likewise on account of their strange habits. These 
fishes, which frequent the coasts and estuaries bordering the Indo-Pacific Ocean, 
and likewise reappear on the shores of West Africa, take their name from their 
prominent eyes, which are set close together somewhat below the line of the 
profile, and are not only capable of protrusion and retraction but are furnished 
with a well-developed outer eyelid. The elongate bodj^ is covered with cycloid 
or slightly pectinated scales, extending on to the bases of the pectoral fins ; the 
cleft of the mouth is nearly horizontal, with the upper jaw projecting somewhat 
beyond the lower, and the conical teeth are vertical. The first dorsal fin includes 
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a variable number of flexiiJe spines; the base of tlie pcjctorals are muscular; 
the pelvic fins are united for a jxmtion of their lengtli; and the caudal tin has 
its lowin' bordei' obliipiely truncated. Tlie species Inn'o %ured (P. kodreiiferi) 
has a wide raiij^m, bein;^- found in the lied Sea, tl\e st^as and on the coasts of India, 
when^ it ascends ii<lal rivers and estuaries, as well as in the An<lamjms, the Malay 
Archipelago, and the islands of the Pacific. Coiicei'iiin^ tlunr liabits, Day writes 
that “ these fislu^s, fi'om the muscular development at the base of the pectoral 
fins, are abh^ to us(‘ them for progression on mud nv for climbing. It is a most 
curious sight to see P. along the sid(' of the Bui'inese rivei's ; at a 

distance the fishes appear likii large tadpoles, stationary, contemplating all ])assing 
obJ(‘cts, or else snapping at flies or other insects; suddenly, startled l)y something, 
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away they go wuth a hop, skip, and a jump, cither irdand among the trees or on 
to the water like a flat stone or a piece of slate sent skimming by a schoolboy. 
They climb on to trties and large pieces of grass, heaves, and sticks, holding on by 
their pectoral fins exactly as if these were arms. Now and then they plant these 
firmly lis organs of support, the same as one places ones (elbows on a table, then 
they raise their heads and take a deliberate, survey of surrounding objects.” Of 
certain allied species, which he places in a genus apart, the same writei* remarks 
that they are essentially mud-dwelling fish, and that if placed in a vessel of deep 
water they appear to be rapidly drowned. In all, the remarkable prominence of the 
eyes is more or less completely last after de^ith. On the slimy banks of tlic small 
affluents of the Hughli near Calcutta, where the wi'iter has often watclied their 
strange habits, these fishes may be seen in hundreds. 
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• Dragonets Coneeriiii]^' tlu^ prudso systeiiiatic p<jsitioji of ilio lx‘autifully 

colonr(‘d tislies coininonly known as draooiK^ts (( ^(fU Ion j/unfs)^ tliero is 
some difference of o])iiiiou; Dr. Gdiitlitn* placin<^^ tlunn witli tlie ^^obi(‘s, whereas 
Day, on account of tlui wide sc^paration of ilie pelvic fins (which ui thti latter and 
their near allies (‘itlier form a disc or are V(‘ry clos(‘ together), rehn-s tliem to a 
separate family. De this as it maJ^ thest^ fishes, in a<l<lition to the feature ali’eady 
mentioned, are characterised hy the head and antn’ior i)ortion of the nak(Ml body 
b(iing d(‘prt‘ssed, while the remainder is cylindrical. The pointed mouth has a 
narrow hoi'izontal cleft, and a very protractile u])per jaw ; tlui large eyes hav e a 
more or ](‘ss upward <lir(*etion ; small t^eth are present on the jaws, but none on the 
palate; and tlnn’e is a strong spine at the angl(M)f th(‘ preo]X‘rcular. Of tin' tAVO 
dorsal fins, the foremost has from three to four llexibh* spinels; the j)elvics are five- 
rayed; and the gill-opening is v(uy narrow, and gcmerally reduced to a perforation 
on the u])[>er border of th<‘ gill-covm*. Tlnu-e is a large amount of sexual difierence 
among tht' dragomds, tlu‘ adult mah^s having th(‘. iin-)*ays pi‘oduc(‘d into filannaits 
and the interA'ening imanbi-aiK'S brightly coloui*(‘d, whtUNais the females wear a 
mucli more soinbn^ livmy : and it is du<‘ to this variation that tlx're wei’c long 
supp()S(‘d to be two Ib itish ]‘epi‘(ssentatives of the genus, nami^ly, the gemni(‘0us, 
and the sordini dragonet : the fornau* b(‘ing the male and tla^ lattei* the female. In 
the adult male of th(‘ common dragonet (G Z/y/v/) tlu^ first dorsal spine is greatly 
elongat<‘.d ; the gtaieral colour of th(‘ smooth vskiu ]>(*ing yc'llowish, beautifully 
banded and sj)otted Avith lilac ; the lirst dorsal fin Inairing seve)*al lilac spots, and 
the second having lilac bands. In hmgtli, tlie male measur(\s about 10 inches. The 
yellow scalpiu, as the male is (‘ailed in some ])arts of Britain, is gen(‘rally fcuind 
in comparativ(‘ly deep water, wher(‘as the female often approaches the margin of 
the tide. Both sexcis ft‘(‘d on molluscs and other hard-shelled creatuivs, as AV(dl as 
on worms. Out of some tliii'ty r(‘presentatives, th(‘< mnje^rity are inhabitants of the 
c(jast-regi<jiis of the temperate zone of the Old World, although a few are found in 
the Tropical Pacific. 

The Blexxies and their Aijjes , — FamilwH Cspolid^f, Blexaiidal 

Th(‘ Avell-knoAvn blenni(‘s, togidher AAuth five less impe^rtant families, constitute 
a sectional group of s]jin('-fimied fishes, all of Avhich may be tivabed under one 
heading. As a group, these fishes are characterisetl by the body being in general 
mor(‘, or less nc'urly cylindrical in form ; the dorsal tin is elongated, aiul its spinous 
portion, if distinct, is also hmg, being ecpial to or ev(‘n excec'ding the s<jft 2>art in 
length, Avhile occasionally the Avhole fin may be spiny ; tht^ anal is also mcn-e or less 
elongate ; the pehdes, Avhen prc*sent, are thoracic or jugular in 2)08ition ; and tlie 
caudal fin, whicliMuay be absent, is rounded or souieAvhat triincat(‘d. 

BandFislies family of the group (Crpolhht) is r(‘ 2 nTsented by the 

small marine band-fishes, of which one vspeci(‘s ((^rpola rahe^samtt) is a 
casual visitQi* to the British cojists. The essential characti^rs of these fishes are to 
be found in the (‘hmgate and band-like Torm of the body: the jiresence of one spine 
and five soft rays in tlu‘ thoracically-iilaced Jielvic fins : and the absence of spines 
in the single clorsal and anal fins. The eyes are rather large and lateral, the teeth 
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of moderate size, and the caudal vertebra) unusually numerous. While the 
majority of these fishes are confined to the northern temperate seas, a few extend 
into the Indian Ocean and as far south as Penang. i 

The remarkable fishes known as hairy-backs constitute another 
Hairy Backs. family {Trichonotidai) distinguished from the last by the 

jugular position of the pelvic fins, which are in front of the pectorals ;• there being 
one or two spineless dorsal fins, an elongate anal fin, which is also spineless, and 
no papilloE) in the neighbourhood of the vent. The typical genus is represented by 
a single species {Trichonotus setiger) from the Oriental seas, characterised by the 
first few rays of the single dorsal fin being isolated and more or less elongate, and 
likewise by the lower jaw exceeding the upper in length. The New Zealand 
thorny>nose (Hemerocoetes acanthorhynclms) represents a second genus, difiering 
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from the last by all the rays of the long dorsal being in juxtaposition, by the upper 
jaw being longer than the lower, and the presence of horny processes on the 
muzzle. These fishes are not unfrequently found floating on the surface of the 
ocean at a considerable distance from land. 

The most remarkable representatives of a third small family 
(Chir idet) of this group constitute the genus Chirus, which is peculiar 
in having several lateral lines, the number of these varying in the different species. 
The family differs from the two preceding ones in that there is a bony stay con- 
necting the preopercular with the infraorbital ring ; while it is further distinguished 
by the single dorsal having its spinous and soft portions of nearly equal length ; 
the anal being nearly equal in length to the soft dorsal, and the pelvics thoracic in 
position, with one spine and five rays. The compressed and oblong body is scaled, 
the cleft of the mouth lateral, and the teeth are weak. All the members of the 
family are small littoral fishes, inhabiting both sides of the Northern Pacific ; the 
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figured species (Ghirus hexagrammns) being from Japanese waters. In the other 
genera the lateral line is single. 

Blennies fourth family of the group {Blenniidoi) is much more 

extensive than either of the others, comprising a considerable 
number of genera, some of which arc rich in species. The family agrees with the 
hairy-backs in the jugular position of the pelvic fins, which, when present at all, 
at^ composed of a very few soft rays. In the anal fin, the spines are few or 
wanting, and there is very generally a papilla in tlie neighbourhood of the vent. 
The low and elongate body is more or less cylindrical in form, and either naked or 
covered with scales, which are generally of small size. The dorsal fin, which may 
be either single, double, or triple, occupies nearly the whole length of the back ; 
and when it lias a distinct spinous portion, this is at least as much developed as the 
soft part, while in some instances the whole fin may be spiny, the anal being 
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elongate. In most cases false gills are present. All the marine members of the 
family are littoral forms, and the majority are of small size, while some are among 
the smallest of all fishes. They are abundant throughout all tropical and temperate 
seas ; and whereas some forms inhabit brackish water, others are exclusively fresh- 
water. Dr. Giinther writes that “ one of the principal characteristics of the 
blennies is the ventral [pelvic] fin, which is formed by less than five rays, and has 
a jugular position. The blennies have this in common with many gadoids [cod 
tribe], and it is sometimes difficult to decide to which of these two families a fish 
should be referred. In such doubtful cases the presence of the pseudobranchise 
(which are absent in gadoids) iriay be of assistance. In many blennies the ventral 
fins have ceased to have any function, and become rudimentary, or even entirely 
absent. In.others, the ventral fins, although reduced to cylindrical stylets, possess 
a distinct function, and are used as organs of locomotion, by the aid of which the 
fish moves over the bottom.’’ The family is not definitely known in a fossil state, 
although jt may be represented by an extinct genus in the Monte Bolca Eocene. 
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Tlie blennies of the typical ^eiius n of which there are some forty 
speci(‘s, are found in tlie northern s(‘aH, tlK‘ Troiiical Atlantic, the coasts of Tasniahia, 
and the K(h 1 Sea. They nvc. cluu*actei*ised by the, iiiodei'ate elongation of the naked 
body, tlie short snout, th(‘ single continuous dorsal tin, and the pi*esenee of one 
spine and two rays in tlie pi'lvies. Tlie, cleft of the mouth is narrow, the jaws 
contain a singl(‘ seri(‘s of HximI teeth, behind which there is genei’jully ( an ‘ larger 
ciD’ved tooth, iii h^ast in the lower jaw. Above each eye is tlu^, longer or shorter 
tentacle, and the gill-opening is Relatively wide. Among British speci(‘s we have 
the ey(Hl blenny {B. oec//n/a.s), distinguished by the dark spot on tin* elevated 
spinous ])ortion of the dorsal, the smooth blenny or shanny B. jJfolisy and the large 
H. (/attornif! a(\ which may gi-ow to a foot in length; while as an example of 
a species living in inland lakes W(‘ may cite the fresh-watcT blenny {H. 'en/ryr(,r/.s*) of 
Southei'n Euro])e. Most can be readily accustomed to a fresh-water life, and many 
of the marine s])('cies attach theniselv(^s to floating objects, while sonu^ an; found 
far out at sea among the patelu^s of driftisl seaw(H‘d. In the Indian s(‘as the 
blennies ajc r(‘prosent(‘d by seven more or h‘ss closely allied genera, in one of which 
(X i})ha<^ia) the body is l)and-like, and the caudal iin continuous with the dorsal 
and anal. 

Viviparous Th(‘ fish (Z(j( 0 *(r.s of which two examples are repre- 

Blennies. s(Mit(‘(l in Mk' lowei* part of the illustration on p. is (me of two 
species of a genus remarkabhi for producing living young. With an elongate body, 
riidimental sca](‘s, and conical t(*eth in the jaws, th(‘se fish have an extri^uely 
elongated dorsal fin, s(‘})arated from tln^ candal mer(4y by a de])ression fonm‘d by 
a sei'i(‘H of spin(‘S much shorti*!- than the rays; these sj)ines being tli(‘ only ones 
througlumt tlu^ fins. Th(‘ p(4vic fins are compostMl of tlnHU‘ oi- four l ays : and tJu* 
long anal fin is continuous postcn-iorly with tlu‘. caudal. Tin* gill-ojx^niiigs are widt^ 
While the figured Eurejpean species, which is not uncommon on t]u‘, British coasts, 
docs not exceed a foot in hmgtli, its Transatlantic cousin (Z. (fiff/n lUttfis) may 
imaisuro two or thrtc times as much. Hie fry, whicli at birth are perfictly 
transparent, and foi’m Ixviutiful objects for the microscope, ar(‘ so fully d(‘velo])(Ml 
as to be able at once to swim fn^ely on leaving tlie body of th(‘ h^male jinri^nt. 
Before their iiirtli female hec(mies so distended, that at the sliglit(\st pressun' 
the young are t*xtrudt‘d ; tlu^se frequently lieing from two to three hundrixl in 
number, and always making tlieir appearance in the world head first. The g(meral 
colour of the adult fish is pale hixiwn, with the dorsal fin and upper-parts mottled 
and barred with dark(‘r brown. 

Easily recognis(*d by the powerful tuberculated and molar-like 

Wolf-Flahes. , ‘ ^ 

tcetli with which their mouths are armed, the. wolf-fislies (Anarrhi- 

rhan) may bcj regarded merely as gigantic and somewhat spcicialiscxl bli‘nnies. In 
this genus, which is represented by a small -number of speci(*s fooin tlie nortliern 
seas of both the Eastern and Western Hemisplieres, the elongate body is covered 
with rudiineiital scales ; the muzzle is rather short and the cleft of the mouth wide ; 
and the jaws are armed with sti’ong conical teeth, those df th(^ lab ‘ral, series carry- 
ing several pointed cusps, while a double i*ow of large inolar-like teeth runs down 
the middle of tlui palate?. The? long dorsal fin Inis flexible spines, and there is a 
distinct caudal, but the pelvic pair are (juite wanting. The gill-openiyg is wide. 
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The common wolf-fish (^1. Iwpiis), often known as the sea-wolf oi* sea-cat, like two 
alli(‘(l species, ranges as far north as Norway and Greenland ; in both of which 
countries its fi(\sh forms a staple article of food. 

Oblique-Spined The fifth family {Avavikocrtnidiv) of the st^ction under con- 
Blenny. sideration is r(‘prescnte<l only by the New Zealand obli<|ue-spimMl 
blenny (^AcdyfltocHa Liftoreiis), shown in th(‘ ajinexed illustration, and is charac- 
teiised by the (‘lon^att', low, compress(Ml, and scaly body, the single dorsal fin — 
chiefly composcMl of spines occupying* netirly the wdiole h'n^th of the bfick, and 
the comparatively lon^ and many-spined anal ; tlu^ pelvic fins bein^ jugular 
in position, and consisting solely of a few soft i*ays. On the coasts of New 
Z(‘aland this blenny is stated to be a very common fish ; its habits bein^ probably 
similar to those of its Eui*opean cousins. 
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Spiny Eels so-callcd spiny eels of the Oriental rejijion and West At'i ica 

iorm a family {Rlufvchohdellidit) affordinj^ an interesting example 
of parallelism in dcvelo])m(mt, since these spiny-finned eels are an exact analogue 
of the true soft-finned eels. They are characterised by the elongate eel-like 
form of the body; th(j long dorsal fin, of which the anterior portion consists of 
short isolated spines ; and the absence both of pelvic fins and of a pajrilla in the 
neighbourhood of the vent. The gill-opening forms a slit on the side of the head ; 
four gills are contaim'd in the gill-chamber, and thei*e are no false gills. An 
elongated movable app(mdage forms the termination of the muzzle, and although 
the lower jaw is long, it has but little power of motion. As an especial ]jeculiarity 
of these fishes, we may notice that in the skehdnn there is no connection between 
the pectoral girijle and the skull. The air-bladtler is presemt. The species 
{Maf^iaremhvlm shown in the upper figure of the illustration on p. :^9(), 

is one of the Indian representatives of a genus characterised by the smooth 
under surfaces of the appendage* of the snout, and the presence of a preorbital 
spine. The members of this genus liave a geogra])hica] distribution, coextensive 
with that of the family, being found in the brackish and fivsh waters of West 
Afj’ica, India, Ceylon, Burma, and the Malayan region. On the other hand, 
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the genus RhynchohdelUiy characterised by the striation of the lower surface of the 
nasal appendage, and the lack of a spine in front of the eye, is confined to India 
and Burma, where it is represented by R. acuLeatay which grows to a length of 
about 15 inches, and is found in the deltas of all the larger rivers, generally 
preferring muddy pools. The figured species is, however, of larger size, reaching 
a couple of feet in length. The flesh of all the spiny eels is stated to be of 
excellent quality for the table. 

Oil Fish. represented in the lower portion of the annexed illus- 

tration, known as the Baikal oil-fish (Coine 2 ^horiis haikalensis)^ is 
the only representative of a genus in regard to the systematic position of 
which there is considerable doubt; Dr. Gilnther regarding it as indicating a 
distinct family which he at one time placed in the neighbourhood of the oblique- 

/ 


INDIAN SPINY EEL (| nat. size). BAIKAL OIL-FISH (J iiat. Size). 

spined blenny, and afterwards near the flying gurnards. In this fish the body 
is elongate and naked, the head large with a produced muzzle, medium-sized 
lateral eyes, and small teeth. There are two dorsal fins, of which the first is 
much shorter than the second, which is similar to the anal; the pelvic fins are 
wanting, and there is no papilla near the vent. The gill-opening is wide ; there 
are four gills, and no air-bladder. The skeleton is very soft ; and the elements 
of the gill-coyer are not distinctly differentiated. In colour this strange fish is 
uniformly gte^ish, and its pectoral fins are remarkable for their large size. 
While the oihfish presents some resemblance to the dragonets, it difl’ers by the 
compressed body, the large, broad-snouted head, the elongation qf many of 
the rays of the second dorsal fin, the large pectorals, the absence of pelvic fins, 
and the forked tail. So far as present information goes, the oil-fish is confined 
to Lake Baikal, where in winter it retires to the greatest depths, but approaches 
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thQ shore in the wanner months. Swimming with remarkable speed, it is enabled 
by the length of its pectorals to take considerable leaps abov'e the surface of the 
water, and thus approaches the flying-fish. During stormy weather great numbers 
of these fishes are frequently stranded, when they are collected by the natives for 
the purpose of extracting the oil from them. 

Barracudas, Atherines, and Grey Mullets,— Families Sfiiyilenidjs, 
AtherinjDuE, and Mugiljd.e, 

Following Dr. Gunthers classification, these three families form a sectional 
group diftering from those we liave been considering by the position of the pelvic 
fins, which are abdominal, and have one spine and five soft rays. The two dorsal 
fins are situated more or less remote from one another, the first being either short, 
like the second, or composed of weak spines. 

The large and ferocious fishes commonly known as baiTacudas" 
Barracudas. ^ , . 

{Sphyroina), of which a species {S, vulgaris) is shown in the upper 

figure of the illustration on p. 379, are the sole existing representatives of the 
first family, which is distinguished by the elongated and subcylindrical form 
of the body, the lai’ge cutting-teeth, the continuous lateral line, and the presence 
of only twenty-four vertebra) in the backbone. The scales are small and cycloidal ; 
the cleft of the mouth is wide ; and the medium-sized eyes have a lateral position. 
Represented by something less than a score of species, barracudas are distributed 
over all temperate and ti'opical seas, but generally prefer the neighbourhood of 
the coast to the open ocean. They are all carnivoroiis and fierce in their dis- 
position, and since they frequently grow to 0 or 8 feet in length, they are as 
much or even moi‘e drvaded by bathers in seas where they are common than 
sharks. They are extensively caught for food, but in some instances, from their 
having fed on poisonous kinds of fish, their own flesh becomes impregnated with 
the venom. Moseley writes that there is a great fishery at the Cape, of a fish 
called snook, a kind of barracuda, which is salted and dried, and sent mainly to 
Mauritius for sale. The snook -boats were always to be seen about in the bay. 
The fish are caught with a hook and line whilst the boat is in motion. The 
fi.shermen are especially careful not to get bitten by the fish as they haul them in, 
wounds caused by their bite being said to fester' in a violent manner, as if 
inflamed.” Fossil barracudas occur in the middle Eocene of Monte Bolca ; while 
in the Cretaceous rocks of the Lebanon and Brazil the family is represented by 
the extinct genus Cladocychus, 

The second family of the group under consideration is typically 
represented by the so-called sand-smelts; one of the two British 
species (Atheriva hepsefus) being shown in the left figure of our illustration. 
As a family, the Aiherinidm are distinguished from the batritcudas by the 
indistinct lateral line; the feeble or moderately developed dentition; and by 
the number* of vertebrae being usually in excess of twenty-four. The body is 
more or loss elongate, with but slight compression. In the sand-smelts the scales 
are smooth and cycloid, and the teeth minute; the first dorsal fin is short and 
completely separate from the second ; and the muzzle is blunt, with the cleft 
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of the mouth .straight, obli<|ue, and ext(*nding at least as far back as tlio limvof 
the? border of th(3 eye. Thc^.se tisli dt‘rive their popular title fi*om their re.scmblaiice 
to the trut3 smelts, from whicli they may be distiugui.sla^d at a glance by the 
small .spinous lir.st dor.sal fin. While the majority are coa.st fishes, as.sociating in 
largti shoals, otliers are fresli- water, although tlasse also ndain the same habit. 
Th(^ genus has a widtj distribution in temperate and tropical seas,* some of the 
sp(^cies I’anging from Ea.stern Africa to India. Atherines are very abundant in 
the MediteiTaiiean, where the fry cling togetluu* for .some time after hatching 
in enormous ma.sses. Montagu writes that the.se li.sh arc^ caught in great 
abundance on the south coast of IJevon.shire ‘ in tlie creeks and e.stuaries, but 
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never in livers above the flow of the tide : and they appeal’ to continue near 
shore through tlie months from autumn to spring, being caught for the tfl'hle 
more or le.ss during the wliole of tliat time, but an* greatly superior in Spring, 
when the males are full of milt as the females are of roe/’ The British species 
seldom exceed 6 inches in length, and, like the other members of the genus, art 
marked by a broad silv(‘ry stripe along each side of the body. On the coasts 
in the fresli waters of Australia, the sand>smclts are represented by 
ichfhyfi, in wliich the muzzle is longer, and th(3 cleft of the mouth irsually short©!? 

Square-Tan 'l^he curious Mediterranean and Atlantic fish known as 

square-tail (Tefraf/ovnrns envieri), shown on the right side of Our 
illustration, is the .sole member of a genus characterised by the somewhat elongate 
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body being covero(l witli strongly ke(ded and striated scales; and by the first 
dorsal fill being composed of a niiniber of short spines, and continning to the 
second. The elevated lower jaw lias a convex npjiei* boi'der, bearing a single 
series of rather small coinpressiid and triangular teeth. Of the habits of this 
scarce fish nothing dc*fiuit(‘ st‘(Mns to lui known ; although in the young state it 
is found in company with fioating j(‘IIy-fish. At a later period of its exisbuice 
it probably descends to a considerable di^pth during tli(‘. day, and comes to the 
surface only at night. It gi*ows to a foot and a half in haigth. 

. „ ^ From the two preceding families the grr^y mullets, which con- 

Grey Mullets. . . ^ ^ ^ 

stitute the third family of tlie group undt^r consideration, may bo 

distinguished by the total absencii of a lateral ]ini‘, the pr(*f-(Miee of only foui* stiff 

spines in the first dorsal fin, and th(^ limitation of tlu^ numbca* of vertebne in the 

skt‘](‘ton to twenty-four. The more or less (dongat(‘ and somewhat compj'es.sed 

body is covered with cycloid or slightly ctenoid scales ol‘ mod(Tat(‘ size ; the cleft 
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of the month is small or medium : the teeth are fi^eble or wanting; the lateral eye 
is of moderate size ; and tlu* gill-o]>ening wide. In some species there may be 
a fatty lid to the eye. The grey mullets (il/a////), of which there is a very large 
numb(‘r of species, are distributed over all tempm-ate and tropical coast-rt^gions, 
fre(iut‘nting brackish -water estuaries, and in some cases asceniling rivers for 
considerable distances. Fee<ling chiefly upon the animals and oi-ganic matter 
found in sand and mud, tlassii fishes have a special straining apparatus in the 
pharynx for the purpose of preventing ohjeets of too large, sizt'. from entering 
^he stomach, or foreign substances getting into the gill -chamber. It will be 
unnecessary to describe the structure of this apparatus her(^ ; but it may be 
mCntipned that after triturating a mouthful of sand or mud between the 
pharyngeal bones, in order to extract such nutriment as it may contain, the grey 
reject, the mineral part of it. Another peculiarity is to he found in the 
of the a\sophagus and stomach, the former lieiug lined with long thread- 
papilhn, while the latter has its second portion furnished Avith muscular walls 
the gizzard^ of a bird, altliough it is not divided into two lateral halves. 
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A fossil species of grey mullet has been described from the upper Eocene of 
Provence, and an extinct genus from the Cretaceous. Our figure represents the 
common grey mullet {M. cajnto), one of several species frequenting the British 
coasts. Although this iriuUet only grows to a weight of about 4 lbs., some of 
the foreign species may scale three times as much. This mullet lias been 
kept in a fresh-water pond, where it seemed to thrive better than in the sea. 
The flesh of all the gi*ey mullets is of good (juality, but bears no compariiiin 
to that of their I’ed namesakes. 

Gar-Pike and Flying-Fjsh,— Family Sco^fBIlESOCIDuE. 

In this place may be noticed a family in regard to the serial position of which 
there is some difference of opinion, Dr. Gunther placing it among the tubo-bladdered 
fishes, while Professor Cope considers that its true position is here. The inclusion 
of the group among the tube-bladdered fishes utterly spoils the definition of that 
suborder, since in those members of the pres(;nt family pro\'ided with an air- 
bladder that organ lacks a duct. It is true that the fins of the flying-fishes and their 
allies are less spiny than those of the more typical representatives of the suborder 
under consideration, but, as we have seen, this character is one of but slight 
morphological value. Agreeing witli the preceding , section in the abdominal 
position of the pelvic fins, these fishes differ from those yet described, with the 
exception of certain porches, in the union of 'the lower pharyngeal bones; while 
they are further characterised by the absence of a spinal dorsal fin, and the 
deeply forked caudal. The single dorsal is situated opposite to the anal fin in the 
caudal region, the air-bladder is generally present, the false gills are hidden and 
glandular, and the simple stomach merely forms a dilatation of the intestinal tract. 
Although the majority of the members of this family are marine, some being 
pelagic, a few have taken to a fresh- water existence ; and while many of the latter 
are viviparous, the whole of the others deposit c^ggs in the usual manner. Dis- 
tributed over all the temperate and tropical seas, these fish are strictly carnivorous 
in their habits. Geologically, the family is a comparatively ancient one, the gar- 
pike being represented by an extinct species in the Sicilian Miocene, and by an 
allied extinct genus in the Eocene of Monte Bolca, while a fish nearly allied to the 
living flying-fishes occurs in the Cretaceous rocks of the Lebanon. 

Oar North America it appears that the name ‘‘ gar-pike is applied 

indifferently to a member of the present family, and to the very 
distinct fish also known as the bony pike ; but in scientific nomenclature it will be 
better to confine the term to the members of the present genus. Gar-pike are 
represented by nearly fifty species from temperate and tropical seas, among which 
the figured one (Belone vulgaris) is common on the British coasts, likewise ranging 
over the whole of the seas of Northern Europe. As a genus, these fishes aijp 
easily recognised by the production of the jaws into a long slender beak, formed in 
the upper one exclusively by the premaxillary bones; while they are further, 
characterised by the whole of the rays of the dorsal and anal fins being connected 
by membrane. The beak is, however, only developed in the adult, very young 
specimens having the jaws of normal form ; and it is not a little remarkable that 
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during their development the lower jaw becomes for a time much longer than the 
upper one. Both jaws are beset with a number of rugosities, and likewise with a 
series of long, conical teeth placed at considerable intervals. A peculiarity of 
these fish is to be found in the green colour of their bones. Whereas the British 
species does not exceed a couple of feet in hmgth, some of the foreign repre- 
sentatives ol*,the genus may grow to as much as 5 feet. Dr. Gunther writes that, 
skimming along the surface of the wat(U', the gai--pikc seize with their “ long jaws 
small fish, as a bird would seize them with its bt^ak ; but their gullet is narrow, so 
that they can swallow small fish only. They swim with an undulating motion of 
the body; but although they are in constant activity, their progress through the 
water is much slower than that of the mackerels, the shoals of which sometimes 
appear simultaneously with them on our coasts.’' Frequently they may be seen 
leaping out of the water over small fioating objects in sportive play, and when 



GAR-PIKE (i nat. size). 

struck by the liook throw themselves above the surface in violent contortions. 
The saury, or skipper {Scomhresox saaritin), is the British representative of a much 
smaller giuius, difiering from the gar-pikes by the minute size of the teeth, and 
likewise by the presence of a number of small fiulets behind the dorsal and anal 
fins. On the other hand, the half-beaks {He')nirham})hu^s), some of which inhabit 
fresh water, have the lower jaw larger than the upper throughout life. 

Flying Fish Perhaps few sights are more pleasing during a long sea-voyage 

in an ocean steamer than to stand in the bows and to watch the 
.flying-fish rising — sometimes singly, but more frequently in larger or smaller 
shoals — from beneath the vessel to take their beautiful flight over the crest of the 
waves, till thoy once more disappear from view beneath the deep blue waters. 
Represented by more than forty species from tropical and subtropical seas, the flying- 
fishes, of which the common species {Exoccetus evohms) is shown in the illustration 
on p. 314, form a genus w^hich may be at once recognised by the great length of 
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the pectoral fins. Tlioy arc further cliaivicfcerised by tlie blunt and short-jawed 
head, and the moderately lon^ oblong hotly iiivestetl in a coat of rather large-sized 
scales; the teeth, when present at all, being minute or rudiiuental. The ordinary 
length of a flying-fish is fi'om 10 ineht^s to a foot, although specimens are 
occasionally met with half as long again ; and whereas the common form ranges 
round the world, the distribution of some other sp(?cies is extremely restricted, one 
being recorded only from the seas on the Pacific side of tlie Isthmus of Panama. 
Tlie species differ considerably in the length of tlie pectoral fins; those in which 
they reach to the tail-fin being capable of taking the longt‘st flights, whereas in 
some others they do not extend beyoml the anal. Associating in shoals, which are 
sometimes of immense size, all these fish are pelagic in their habits, and all are 
capable of taking the skinnning flight from which the}^ derive their naimi. Tliat 
these fish tak(i tlieij* flights primarily to escape from their enemi(‘s maybe regarded 
as certain ; and it is ecjua-lly well ascei-tained that the continuane(} of tlie flight is 
due to the original impetus of tin* leap from the water, and is not prolonged b}' 
any flapping of tlui fins. From my own observations 1 am, howt‘ver, of ojnnion 
that the pectoral fins are vibrated rai)idly on first heaving tlu‘ watta- for a few 
seconds, doubtless from a continuation of the swimming motion whih^ in the 
water, after which they become entirely motionless. 1 hiring flight, the colour of 
these fins may appear (‘itlier whitt^ oi* brown, whiai seem from aboN c^, according to 
the incidence of the light. 8o far as 1 have seen, flying-fisli arc unable to changcj 
the direction of their course to any marked extent ; but on tliis ])oint, as will be 
seen from the two following accounts, thex'o is some diflei'ence of opinion among 
observers. The first of th(?se two accounts is abridged by ])j*. (lilnther from one 
published by Dr. Mobias, and runs as follows: '‘Flying-fish are mon‘ fiXMpiently 
obs(‘.rved in rough weather an<l in a disturbed s(ia than during calms ; they dart 
out of the water when pursue<l l)y their enemies, or frightened by an approaching 
v(*ssel, but frequently also without any appanuit cause, as is also observed in many 
other fishes; and they rise without any r(*gard to the dii-ection of the wind or 
waves. The fins are kept quititly distimded, without any motion, except an 
occasional vibration caused by the air wlnmever the surfac6‘ of tlie. wing is paralhd 
with the course of the wind. Their flight is rapid, but gradiuilly decrc'asing in 
velocity, greatly exceeding that of a ship going ten miles an hour, and exbiiiding 
to a distance of five hundred feet. Gleiierally, it is longer when the fish fly against 
than with, or at angle to the wind. Any vertical or horizontal d(‘viation from a 
straight line is not caused at the will of the fish, but hy currents of the air; tlie 
fish retaining a horizontally straight course wlien flying with or against the wind, 
but being carried to one side whenever the direction of th(j latter is at an angle to 
that of their flight. It may, howi^ver, happen that in the course of its flight a fish 
may dip its tail in the crest of a wave, thus changing its direction to the left or 
right. In calm weather the line of flight is always also vertically sti*aight, or 
rather parabolic, like the course of a projectile, but in a rough sea, when the fish 
are flying against the course of the waves, it may become undulating. In such 
instances the flying-fish frequently overtop each wave, being carried over by the 
pressure of the disturbed air. Fljdng-fish often fall on board vessels, but {his 
never happens during a calm, or from the lee-side, always taking place in a breeze 
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and from the weather-side. In the daytime they avoid a ship, flying away from 
it; but, during the night, when tliey ajHi unable to see, they frequently fly against 
the weather-board, where tht^y are caught by the current of air, and may be thus 
cairied to a laught of some twenty feet above the surface of the water.'’ In tlie 
second account, which was publislied many years ago in Lund and Water, the 
author writes that in calm weather flying-fish “ are capable of clearing thi-ee 
hundred yards. Their flight is frequently extended to double the distance by 
simply skimming the surface, as a swallow does a pool, and without disappearing. 
I have observed that they never touch the surface more than twice consecutively, 
though they may resume th(‘ir flight after a period of complete immersion; while 
still in the air, they readily change their course to right angles with their first 
line of flight, or (‘Vi'u complet(*ly reverse it towards the ])oint from which they 
original 1}^ started. 1 have watched them for hours through a powerful double 
glass, as they rose from either side of the bows of the ship, and noticed that the 
])ectoral fins an‘ moved with a slight but vtay rapid quivering motion, which, I 
have no doubt, assists to sustain them in the air. In rough weather tlui flight of 
the flying-fish is more rapid, much higher, and of shorter duration than when light 
Avinds prevail.” This account confirms my own obsiu'vations as to there being a 
vibratory motion of the pt‘ct()ral fins when first leaving tlu^ water, although the 
writer is pi'obably incorrect in his supposition that this assists the flight. 


STicKnEHAC’KS, Fj.ute-Mouths, AND TurMPET-Fisii, — Families CAHTROSTEID^E, 
Avlohtomatid.e, and Centiilscida<:. 

Although the third <jf the above-named families is regarded by Dr. Gunther 
as forming a group apart, we may follow Day in placing the whole three in a 
single section, characterised by the spinous dorsal fin, when present, being either 
short or formcMl of isolated spines, and by tlu^ generally abdominal position of the 
jX'lvic fins, Avhich in some instances are imperfectly d(‘veloped. 

Familiar to ev(‘rv home-born Englishman as the fish upon which, 
Sticlclebacks. , . . . . , ^ , 

in common with minnows, he made bis first experiment in angling 

Avith the aid of a bit of tAvine, a bent ])in, and a Avorm, the stickleliacks have the 

honour not only of re 2 :)resenting a genus {GastroAeH><\ but likewise a family by 

themselves. Taking their name from the prt‘seiice of a variable number of isolated 

• sjiiiKis in advance of the soft dorsal fin, sticklebacks liave the body more or lt‘ss 
elongate and comf)ressed, the cleft of the mouth obliijin*, and tht^ teeth \dlliform. 
The gill-cover is unarmed, and the cheek covennl by the infraorbital bone ; and 
in place of scales there are generally large plates along the sides of the body. The 

• pel\ue fins, although abdominal in position, are connected A\dth the pectoral girdle 
by means of the pelvic bones, and consist of but one siiine and a single ray; and 
there are but three branchiostegal rays. Confined to the Tem})erate and Arctic 
zones of the Northern Hemisphere, wdiere they are represented by some half-score 
species of sirmll bodily size, sticklebacks are mainly fresh-water fishes, although the 
sea;stickleback ((r. .spinachia) is a marine or brackish-Avater funn, and all the 
rest can live as well in salt as in fresh- Avater. The British fresh* water reju'e- 
jsentatives.of the genus are distinguished by the number of the dorsal spines, and 
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are known as the three-spined (tf. ac\deatuH\ four-spined (6r. sjnnulosus), and nine- 
spined sticklebacks {G. pungitiws)) while in the United States (?. novoehoracensis 
is the most familiar kind. The three-spined stickleback is a singularly variable 
species, the plates which are present on the sides of tlie body in some specimens, 
being wanting in others; the unprotected condition being especially common in 
the race from Central Europe. Veiy different in appearance from ‘the others is 
the fifteen-spined, or sea stickleback, in which the body is very long and thin ; 
this species ranging as far north as Norway and the Baltic. It has recently been 
ascertained that all the individuals of this stickleback die within a year of their 
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Sca-sticklcback (upper figure) ; Nine-spined stickleback (middle figure) ; and Three-spined stickleback 

(lower figure), (nat. size). 

birth ; so that we have here a second example of an annual vertebrate, the first 
being the one mentioned on p. 389. 

Sticklebacks are extremely pugnacious, and at the same time highly voracious 
fishes, the males engaging in fierce conflicts with one another ; while both sexes . 
consume a vast quantity of the fry of other fish, and are, therefore, most objec- 
tionable denizens of preserved waters. It is not, indeed, that a single stickleback 
can do a very great deal of harm, but the mischief results from the enormous 
numbers of these little marauders. As an instance of this, wo may once more 
quote the well-known statement of Pennant, that a man employed by a Lincoln- 
shire farmer to rid a stream of sticklebacks, for a considerable time made four 
shillings a day by selling his catch at the rate of a halfpenny per bushel. In 
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fighting, the males make full use of the formidable sj^incs on the back, witli which 
they have been seen to rip open the body of an antagonist. The most interesting 
trait in the economy of sticklebacks is, however, undoubtedly the nest-building 
habit of many of the species. In the sea-stickleback the nest is composed of a 
mass of pendent seaweeds, bound together by a silk-like thread into a pear-shaped 
form, in the centre of which are deposited the eggs. Such a nest has been known 
to bo guarded for a period of upwards of three weeks by the male parent fish ; and 
when it sustained any damage, by which the eggs were exposed to view, the 
watchful guardian set about repairing the mischief with the greatest despatch and 
energy, thrusting its nose deep into the structure, and pushing and pulling the 
materials till all was once more sound. The following account of the nesting of 
the three-spined stickleback in an aquarium was forwarded by a correspondent to 
Frank J3uckland. On this occasion the male ‘‘ selected a spot iicarly in the centre 
of the trough, and busily set to work to make a collectioTi of dedicate fibi’ous 
materials, placed on the ground, and matted into an irregularly circular mass, 
somewhat depre^ssed, and upwards of an inch in diameter, the top being covered 
with similar materials, and having in the centre a rather large hole. His work 
was commenced at noonday, and was completed, and the eggs deposited by half- 
past six in the afternoon. Nothing could exceed the attention from this time 
livinced by the male fish. He kept constant watch over the nest, every now and 
then shaking up the materials and dragging out the eggs, and then pushing them 
into their receptacle again, and tucking them up with his snout, arranging the 
whole to his mind, and again and again adjusting it till he was satisfied ; after 
which he hung or hovered over the surface of the nest, his head close to the 
orifice, the body inclined upwards at an angle of about 45°, fanning it with the 
pectoral fins, aided by a side-motion of the tail. This curious manoeuvre was 
apparently for the purpose of ventilating the spawn; at least by this means a 
current of water was made to set in towards the nest, as was evddent by the 
agitation of particles of matter attached to it. This fanning or ventilation was 
fiH^quently repeated every day till the young were hatched; and sometimes the 
fish would dive head foremost into his nursery and bring out a mouthful of sand, 
which he would carry for some distance and discharge with a pufi’. At the end 
of a month the young ones were first perceived. The nest was built on the 23rd 
of April, the young appeared first on May 21. Unremitting as had been the 
• attention of this exemplary parent up to the time of the liatching of the eggs, lie 
now redoubled his assiduity. He never left the spot either by day or night ; and 
<luring the daytime lu^ guarded it most pertinaciously, allowing nothing to 
approach. . . . The fry were at first so minute and transparent that they were 
•scarcely perceptible, and it was only by a slight fluttering motion their position 
could be occasionally discovered ; otherwise it was impossible to detect them.” 
mte Mouths Although the name of pipe-fishes is frequently applied to the 
members of the second family of the group under consideration, it 
is better to restrict that term to the 8yngvathid(t} (described in the sequel), and 
take that of flute-mouths for those to be now noticed. As a family, the flute- 
mouths are readily distinguished from the sticklebacks by the production of the 
bones of the myzzle into a long tube, terminated by a small mouth : and likewise 
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bj' the pelvic fins consisting of six soft rays. The greatly elongated body is either 
covered with very small scales, or naked ; the teetli are small ; the first doiml, if 
present, is formed of small isolated spines ; the soft dorsal and anal are of moderate 
length ; the pelvic fins consist of six rays, without any spine, and are separated 
from the pubic bones, vrhich remain attached to the pectoi*al arch ; and there are 
five branchiostegal i\‘iys. Tlie air-bladder is large, and the vertebrae are very 
numerous, those in the anterior part of the column being fused into a continuous 
tube, as in the flying gurnards. Those fislies, which may be regarded as gigantic 
and highly specialised marine stiekhdmeks, frequent the coasts of the tropical and 
subtropical portions of the Atlantic, Indian, and Pacific Oceans, some of them 
growing to from 4 to 6 feet in length. In the genus Fisfnlaria, the body is 
naked, the forked caudal fin has one or two of its middle rays produci'd into a 
long, whip-like filament, and there ai’e no isolated S 2 )ines to the dorsal fin. The 
species are confined to the Tropical Atlantic and Indian Oceans. On the other 
hand, in the typical genus Aulostonia the body is covered with small scales, the 
caudal fin S(piaretl, and without filaments, while th(^ back cari*ies a s(u*ies of small 
isolated spines, and the teeth are rudimentary. In this g(mus th(^ species inhabit 
the Atlantic; but the third genus (Anlisroj)^) is represented by a single form from 
the North American Pacific coast, distinguisluid by the naked body, the thoracic 
position of the pelvic fins, and the presence of numc'rous spines in front of the 
dorsal fin. Day states that he found the Indian species of Fisivlurin, which is 
common at Madras, frecpienting th<‘ most muddy localiti(‘s. 

Trumpet-Fishes, While agrcHung with the flute-mouths in the production of the 
muzzle into a tubular beak, the two genera of fishes constituting the 
family (^fnitrisridai differ by the imj>erfect developmc^nt of the pelvic fins, which 
are truly abdominal in position. They have two dorsal fins, of which the spinous 
one is short, while the soft one is similar to the anal. Tiadh ar(^ wanting. The 
family is distribute<l over the Atlantic, Mediterraiu^an, and Indo - Pacific, th(» 
common trumpet or btdlows fish f^colopa.v) occasionally making its 

appearance on the south coast of England, while it is also known fi-om such a 
distant regiim as Tasmania, it l)elongs to a genus charactc^’ised by the oblong or 
elevatcid and compressed body being covere<l by small rough scah^s, with some 
lx)ny strips on tlie back and under surface, the absence? of a lateral line, and the 
length of the spines of the first dorsal fin. The second genus, A')t) jli diflei*fi by 
the elongate form of the compresscMl body, which is covered on the; back with a- 
cuirass of bony plates, behind which are the two dorsal fins. This genus is 
confined to the Indo-Pacific ; and in the Indian A. srulatd the dorsal armour 
terminates behind in a long spine, close beneath which are the tlire(‘ spines of the 
first dorsal fin, followed by the second dorsal, the caudal appearing on the lower 
surface of the body just bcdiind the anal. Dr. Giinther writes that in these 
tortoise-fishes, as they may be called, the body is so thin that it has the appear- 
ance of being artificially compressed betvreen two sheets of paper; it is semi- 
transparent, especially in the region of the air-bladder. The structure of the 
vertebral column is extremely singular", and unique among Acanthopterygians. 
The trunk portion is more than four times as long as the caudal, nevertheless it 
is composed of onlj^ six vertebra), whilst the latter consists of fourteen.'’ Tlie 
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trunk vertcbne arc extremely slender, the third alohe being nearly as long as the 
whole caudal portion ; while in the latter all the vertebrm are very short. In a 
fossil state the tortoise-fishes are represented in the middle Eocene of Monte Bolca ; 
and it may be mentioned here that in the preceding family the genera Fistularia 
and A'ldoi^toma occur not only in those dej>osits, but likewise in the lower Eocene 
of Switzerland; and Atdlscopfi has been recorde<l from the Eocene of Sumatra, 
and two extinct generic types have been described from the Monte Bolca beds. 

The Sucker-Fishes, — Family GoBiOEfiOCW^E, 


The small fish {Lcpadoiiastev l)irnacid(tfMs)y of which three examples are 
shown in the annexed illustration, is one of three Britisli representatives of a genus 
belonging to a small family which constitutes a sectional group by itself. Long 
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confounded with the lump-suckers, which they resemble in having an adhesive 
disc on thci undcu* surface of th(‘ body, the sucker-fish difier from that group, not 
only in the structure of that disc, but likewise in several other respects. They have 
• no spinous dorsal fin; the soft dorsal and anal are short or of medium length, and 
situated far back, at the root of the tail : the pelvic fins are almost jugal in 
position, and have the adhesive disc placed between them; while the body is 
covered with a naked skin. Whereas in the lump-suckers the pelvic fins are close 
.together, and actually form the base of the sucking tlisc, in the present familv 
they are wi<lely separated from each other, and only enter into the composition 
of a portion of the margin of the adhesive apparatus, which is completed by a 
cartilaginous expansion of th(^ bones of the pectoral girdle. In size the ovoid disc 
is relatively large, its length being sometimes as much as one-third that of the 
whole fish, and it is divided into an anterior and a posterior moiety, of whicli the 
second may or may not have a free front margin. All these fishes are littoral 
foimis of 5jmaH size, ranging over both temperate zones, where they are more 
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numerous than in the tropics. Among the numerous genera we can only mention 
the typical Gohioesox, from the West Indies and Pacific coast of South America, 
distinguished by the absence of a front free liiargin to the j)Osterior division of 
the sucker, and the pi'esence of incisor-like teeth at least in the lower jaw; and 
the European Lepadogaster, in whicli the hindcir-half of the sucker has an anterior 
free margin, and the teeth are small and fine. The British species, although 
variable in this respect, are very prettily coloured ; the figured one being generally 
carmine-red above, and pale flcsh-colour below, with a light patch between the 
eyes, and two more or less distinct spots on the sides. It has been obtained 
adhering to stones and shells in deep water oft' Torquay. Montagu writes that 
when placed in a vessel of sea-water these little fish always adhered to the sides of 
the glass by the apparatus termed the sucker, and frequently remain fixed till the}" 
died ; and even after death the power of adhesion continues. The wet finger being 
applied to the part, the fish becomes suspended ; when alive, they instantly attach 
themselves to the liand if taken out of the water.’' 

The Serpent-Heads,— F amily OPinocEPiiALiD.^, 

Mainly characteristic of the Oriental region, although also represented in 
Africa, the fresh-water fishes known as serpent-heads are interesting not only 
on account of their structure, but likewise from their peculiar habits. They form 
a single family, constituting a sectional gi’oup by its(‘lf, and r(q)resented by two 
genera, in one of which (Ophiocxphalus) pelvic fins are prt\sent, while in the 
second {Channa) they are wanting. As a family, the serpc‘nt-lieads are character- 
ised as follows. The body is elongate and covered with medium-sized scales; all 
the fins are devoid of spines, the anal and single dorsal being long and low ; and 
there is an additional cavity alx)^'e the jjroper gill-chamber, although this is not 
furnished with supplemental gills. The depressed head is covci*ed with somewhat 
plate-like scales, and has the eyes lateral and the gill-openings wide*- ; each gill- 
chamber containing four gills, while teeth are present on the jaws, palatine^i, and 
vomer. If present, the pelvic fins are thoracic in position, and composed of six 
rays. The lateral line is sharply curved or almost interrupted, and an air-bladder 
is present. Of the typical genus there are some thirty existing species, having 
a distribution coextensive with that of the family, and in Asia ranging over 
Baluchistan, Afghanistan, India, Ceylon, Burma, ("hina, Siam, and the Malay. 
Archipelago; the figured species (0. fitrlafu^s) b(ang common to such distant 
localities as India and the Philippines, and at times reaching as much as a yard 
in length. The second genus, Chanvay is represented only by a single species from 
Ceylon and China. In a fossil state these fishes have been identified from the, 
Pliocene rocks of the Siwalik Hills in NoHli -Eastern India. 

In India the serpent-heads are found both in rivers, ponds, tanks, and swamps, 
many of them seeming to prefer stagnant to running waters. Day writes that 
those fishes '' having hollow cavities in their heads, and an amphibious mode of 
respiration, are able to exist for lengthened periods out of their native element, 
and can travel some distance over the ground, especially when it is moist. Tfhey 
are able to progress in a serpentine manner, chiefly by means of th^ir pectoral 
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and caudal fins, first one of the former being advanced and then the other. These 
fishes appear to be monogamous, some breeding in grassy swamps or the edges of 
tanks, some in wells or stone-margine<l receptacles for water, and others again in 
lioles in rivei’-banks. The varieties wiiich Jive in tanks and swamps keep much 
to the shallow and grassy edges. Amongst the fisli which I myself saw exhumed 
from the mu,d of a dried-up tank were some Opliioeepliali^ they are also recorded 
by the natives of India as descending with downpours of rain.” When living in 
muddy water they rise to the surface from time to time to take in atmospheric 
air, and captive examples prevented from doing this have been known to die. 
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During the time they are buried in hard mud it must be assumed that these fish 
become completely torpid and stop the i*espiratory function. 

The LxVnYKiNTii-UiLLEi) Fishes, — Families Anabantida: imti Luciocefualidjs, 

In the mmnbers of these two families of estuarine and fresh-water fishes, 
which constitute a sectional group by themselves, the apparatus for enabling 
them to exist for a considerable time out of the water is carried to a greater 
degree of complexity than in the last, and takes the form of a laminated accessory 
gill-like organ, situated in a chamber on each side of the head above the one 
containing the true gills. In these fishes the body is compressed, oblong, and 
elevated, with nu*dium-sized ctenoid scales. The eyes are lateral, the gills four 
in number, the gill-opening rather narrow ; and false gills (dther rudimentary or 
wanting. The single <lorsal fin, as well as the anal, has a variable number of 
spines ; find the pelvic fins are thoracic in position. While in some cases the 
lateral line is interrupted, in others it is altogether wanting ; and the air-bladder 
may be either present or absent, but when developed it is generally very large, 
sometimes pven extending into the tail. These fishes, which are of comparatively 
small size, are confined to Southern Asia and South Africa, and are all capable of 
existing for a longer or shorter period out of their native element, when they 
oxygenate their blood directly from atmospheric air by means of the accessory 
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giiHiko organ. Wlxereas sonio are carnivorous, others are vegetable-feeders ; but 
all are capable of domestication, in which state they are subject to considerable 
variation, and several have becjii acclimatised in countries other than their own. 
The flesh of all of tliem is said to be eatable, and that of some is of excellent 
quality. On account of their brilliant coloration, and the curious habits of some 
of theni, these fish have always attracted more than ordinary interest., 

Tlie fish to wliich the somewhat inaT)propriato name of climbinsf- 
Climblngr-Percli. ,/.7 i • 

p(*rcli {Anabds scandens) has long been applied by Kuropeans in 
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Tndia is tlie sole representative of a genus characterised by the presence of teeth 
on the palate, and the serration of the free margins of the opercular and preorbital 
bones. In form the body is compressed and oblong ; the lateral line is interrupted ; 
the single dorsal fin has its spinous portion much longer than the soft part ; while 
in the anal fin the spines are less numerous than those on the back. .The caudal 
fin is rounded, and the scales are rather large. In length the climbing-perch may 
reach at least 8| inches, and in the adult state its general colour is dark green, 
usually marked with dusky bands, which disappear soon after death;^- It frequents. 
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both estuaries, rivers, and tanks, and is distributed over India, Ceylon, Burma, 
tlie* Malay Archipelago, and the Philippiiui Islands. That this fish can travel 
long distances on land, where it drags itself along by hitcliing its pectoral fins 
round the steins of grass and other herbage, in the manner indicate<l in our 
illustration, is perfectly well ascertained. With regard to its climbing powers 
some amount of incredulity has btH*n expressed, but it is very noteworthy that 
its Malayan name {undl-roLli) signifies tree-climber, while nearly a thousand years 
ago certain Arab travellers were informed of the existence in India of a fish that 
was in tlie habit of ascending cocoa-nut palms to drink their milk. Apparently 
the only definite record that we have of a European liaving witnesse<l such 
scansoi’ial feats is from the pen of one Daldorf, who wrote that in the year 1791 
he had taken one of these fishes from a nioist cavity in the stem of a palmyra- 
palm growing near a lake. He first observed it when already five feet from the 
ground, struggling to ascend higher, and susp(‘nding itsrif by its gill-covers; and 
bemding its tail to the left, it fix(*d its anal fin in the cavities of the bark, and sought 
by expanding its body to urge its way upwards, and its march was only arrested 
by th<‘. hand with which lui s(‘iz(‘d it. Although there is no reason to doubt this 
\ery detail(‘d na.rrativ(*, the circumstance that later observei*s in India have 
never seim t.h<‘ fc'at repeated would seem to indicate that it is but seldom the fish 
takes to actual climbing. lh*garding the habit of this fish, in common with the 
serpent-lu'ads, of burying itself in the mml of tanks, Sii* J. E. Tennent writes that 
‘‘in tiios(‘ pojtions of Ceylon wh(ir(i the country is flat, and small tanks are 
extremely num<*rous, the nativ(‘s ar(‘ accustonuMl, in the hot st^ason, to dig in the 
mud for fisli. Mr. Whiting informs me that, on two occasions, he was present 
accidentally wluai tla^ villager’s wert^ so emgaged, once at the tank of Malliativoe, 
within a lew miles of Kottiar, near '^rrincomali, and again at a tank on the Vcrgel 
River. Tin* clay was firm but moist, and as the men flung out lumps of it with a 
spade, if. fell to pieces, disclosing fish from 9 to 12 inches long, which were full- 
gi’owii and healthy, and Jumped on the bank when exposed to the sunlight.” 

Tbe, Oriental rc^irion is the home of another allied genus of fishes 
Poxadise-Fisli. ^ , 

{Pohfucaiiilm^s). r(‘presented by several species, and diflering from 

the climbing perch by tlu'. absence of tiadh on the palate, ancl the smooth margins 
of the preorbital and opercular bones: the mouth being small and slightly pro- 
tractile. The spinous part of the single dorsal fin is much longm* than the soft 
portion, the anal being similai* ; the pelvic fins have one spine and five soft rays, 
some of which an‘ usually elongate<l ; and the caudal is rounded or pointed. The 
lateral line, which is never* complete, may be wanting. These fishes inhabit fresh 
waters and (‘stuaj’itss along the coast of South-Eastern Asia, but are seldom found 
any great <listancti inland. The pivtty and brightly coloured paradise-fish is an 
inhabitant of China and Cochin-China, and was long regarde<l as the representative 
of a distinct genus. It is, however, now known to be merely a domesticated 
variety of a species of Poly acanthus, although we are not aware that the 
normal forin has hitherto been discovered. From our figure it will be seen that 
it differs from the ordinary members of the genus in the large and forked tail, and 
likewise in the great development of the soft rays of the dorsal and anal fins. 
Throughout, China this fisli is kept in confinement; and is even more suited to 
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captivity than the gold-fish, as it will breed in vessels of very sumll capacity. 
It is even s|»ated to live in water strongly impregnated with acid, and its tenacity 
of life is very great. When kept in dark or muddy waters the colour is generally 
a dull uniform brown; and it is only when living in clear water, exposed to 
the sunlight, that the golden hue and red transverse bands make their appearance, 
these showing at an earlier period in the males than in the females. - 

Ourami account of the excellent quality and taste of its flesh, mention 

must be made lien^ of the gurami {Of^phromenm olfax), as a well- 
known representative of a third genus belonging to this family. Agreeing witli 
the members of the preceding genus in the absence of teeth on tht^ palate, the 
smooth border to the preorbital and opercular, and the structure of the pelvic fins, 











these fishes differ by the smaller nuniber of spines in tlie dorsal or anal fins, which 
are either fewer than the soft rays, or but very slightly exceed them. The body 
is moderately elevated and compressed; the small and obli(|uc mouth is capable of 
a considi^r^hiil degree of protrusion ; and the first ray of the pelvic fins is elongated 
into a riTOdel^ld'ment, the remainder being generally rudimentary. When present, 
the lateral line is continuous; and there is always an air-bladde]‘. Distributed 
over thfe rivers of South-Eastern Asia, these fislies are represented in India only 
by a small species (0. nobilis), of some 4 inches in length, inhabiting North- 
Eastern Bengal and Assam. The gurami, which is a native of the rivers of China 
and the Malayan Archipelago, has, however, been introduct'd into several parts of 
India and has also been naturalised in the Mauritius, Cayenne, and Australia. It 
is easily recognised by its large size, great convexity of the profile of the under 
surface, and gi’eenish brown colour, marked in the imumture condition Iby four or 




FIGHTING-FISH 


413 


five daik vertical bands. It attains a weight of fully 20 lbs., and, when kept 
in nlean water, is stated to be the host flavoured fresh- water fish in S^uth-Eastem 
Asia.^ As it is extremely tenacious of life, and likewise almost omnivorous in its 
diet, it is in every way admirably adapted for transportation and acclimatisation. 
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rightliig-Fisii ^ fourth genus (lictfa.), distinguished by the short dorsal fin 
occupying the middle of the back, and without any pungent spine, 
the long anal, and the production of the outer ray of the five-rayed pelvic fins, 
mu.st also be iiientioned on account of its containing the so-called fighting-fisli 
(71. puffuax), which is bred by the Siamese for the sake of the sport afforded by 
its pugnacious propensities. Cantor writes that, “ wlien the fish is in a state of 
quiet, its dull colours present nothing remarkable ; but if two be brought together, 
or if one secs its own image in a looking-gla,sB, the little creature becomes suddenly 
excited, the raised fin and the whole body shine with metallic colours of dazzling 
beauty, while the projectetl gill-membrane, waving like a black frill: round the 
throat, adds something of grote.squeness to the general appearance. ^ Jtn Ulis state 
it makes repeated darts at its real or reflected antagonist. But wSInr taken 
out of each other’s sight, become instantly quiet. This description waa iirawn up 
in 1840 at Singapore, by a gentleman who had been presented with several by the 
King of Siam. They were kept in glasses of water, fed with larva? of mosquitoes, 
and had thus lived for many months. The Siamese are as infatuated with the 
combats of the, sc fish as the Malays are with their cock-fights, staking on the issue 
considerable sums, and sometimes theii* own persons and families. The licence to 
exhibit fish-fights is farmed, and brings a considerable annual revenue to the King 
of Siam. The species abounds in the rivulets at the foot of the hills of Penanin-.” 
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Pike Head fish {Luciocpphahis imlcher), from tlio fresh waters of 

the Malay Archipelago, shown in the aecoiiipanying illustration, is 
the sole representative of the second family of the labyrinth-gilled gi’oup, which 
differs from the first in the absence of spines from both the dorsal and anal fins. 
The species derives its name from the produced muzzle and general pike-like form 
of the head ; and lias its elongate body cov(a*ed with moderate-sized scales, and 
traversed by a continuous lateral line. The teeth are small, and the gill-openings 
wide. The single spineless dorsal fin is very short and placed far back on the 
body; the pel vies consist of one spine and five rays, one of the latter being 
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elongated ; and the tail-fin is rounded. There is no aij*-l)ladder, Xothing is known 
with regard to the life-history of this prettily marked fish. 


Unjcorn and RiiiBON-FisH, — Families LOTIIOTW^E and TllACilYrTFJnD^Jh:. 

Agreeing in thcii- ribbon-shaped bodi(‘S, ami also in the extension of the dorsal 
fin fi’om the head to the end of the tail, the unicorn and ribbon -fish(*s are thereby 
easily distinguished from all the preceding forms, although they differ so much 
from one anotlnu' as to be entitled to form distinct families, c*,ach of which is 
regai'ded by Dr. Giinther as representing a sectional group. 

The single representative of the first family (Lonhoirs (rprdiaiiu>s) 
Unicorn-Fish. ^ ^ 

differs from the whole of the members of the subclass hithei-to described, 

in that the vent is situated at the hinder extremity of the body, close to the tail, 
with a small anal tin immediately behind it. The pelvic fins are V(*ry minute, and 
thoracic in position ; the cainlal is also small and roumhid ; the mouth is incapable 
of protrusion ; teeth are present on the jaw.s, palatines, and vomers: and there is 
an air-bladder. The most striking peculiarity about this strangcj fish is the eleva- 
tion of the crown of the head into a high crest, surmounted by an exceedingly long 
and I'ccurved S2nnc forming the commencement of the dorsal fin. The bones and 
flesh are firm, the general colour is silverj", with lighter spots, but the ^ns are rosy ; 
and the total Ic^igth is at least 5 feet. This fisli, which has been taken in the 
Atlantic off Madeira, and also in the Sea of Japan, probably dwells at a consider- 
able depth, although not so far down as the ribbon-fishes. Its habits are unknown. 
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Rlt)bon Fisiies tlio uiiicorii-tisli the iiu^iubera of this family may bo 

clistiii^niished by the absence of an anal lin, and by the caudal 
(which, as in our hf^iiro, is rarely pi*oserved in the adult state) being either 
rudimcntal, or small and bent up above the axis of the body in a fan-like manner. 
The band-like body, wliich may nu'asure as much as 15 or 20 fo(‘t in length, with 
a depth of a .foot and a breadtli of not nioj'e than an inch, terminates in a short 
and deep head, furnisheil with large lateral eyes, and a small mouth ; the teeth 
being feebly develo 2 )ed. Tlie liigli dorsal fin is comj>osed of a very numerous 
series of rays, which are neither articulated nor branched, and has a detached 
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.portion on the ci’own of tlie head elevated into tall filaments,^ and the thoraeically- 
j)laced pelvic fins may consist either of several rays, or be reduced to a single long 
filament. Scales arc AA^anting; an<l the numerous vei’tebiw as Avell as the other 
bones, arc remarkable for their softness and loose structure ; the flesh being like- 
,wise of a flabby consistence. Tlui young, A\diich are not unfre(iuently found at 
the surface of the ocean, are veiy unlike the adults, having the body more like 
that of an ordinary fish, but remaikable for the enormous dtivelopimmt of tlie 
rays of the front part of the dorsal and pelvic fins, and in a minor dt‘gree those of 
the caudal lil^ewise. The dorsal rays are, indeed, sevtu-al times the length of the 
Avhole fish, and are furnished at intervals wdth barb-like dilatations. Most ribbon- 
fish* are silvery in colour, AAU til rosy fins. They are divided into three genera, of 

* Tn our figure this i)art is rtipTcsentod jis counocti*<l witli tlic rest of the tin. 
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recorded up to 1878. All these fishes are, indeed, known almost entirely from 
examples found in a dead or dying condition on the surface of the ocean, or cast 
ashore by the waves. In this state the whole of their tissues are so disintegrated 
and broken that the body can scarcely be lifted whole from the water, and it is 
thus evident that ribbon-fishes are inhabitants of the lower strata of the ocean, 
although at what precise level they live has not yet been ascertained. They are 
found in all seas, but are mostly of very rare occurrence on the surface, the single 
representative of the genus Sfyloplt07*m being only known by one example 
captured in the early pai^t of this century near Cuba ; while the same is tlie 'case 
with regard to Russeirs ribbon-fish from Madras. That the young are ako deep- 
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sea fishes is, as Dr. Gtinther remarks, perfectly evident from their filamentous fins, 
which would be irretrieva^l^y damaged if their owners did not live at depths 
where the water is peffectly^ndisturbed. From the expansion of the extremities 
of the pelvic fins, Bariks^s rib^ti-fisli has been named the oar-fish ; while from a 
supposed idea that it accompanicnl the shoals of those fish, it has likewise been 
designated the king of tlie herrings. It has be(5n suggested that largo ribl>on-fish 
floating on the surface have givcm rise to many of the reports regai’din^ the sea- 
serpent; but, as Dr. Giintlier pertin(‘ntly points out, such dead or dying creatures 
do not by any means accord with the active movements generally attributed to 
that mythical monster. Still, however, we believe that a stranded ribbon-fish has 
been mistaken for a dead sea-serpent. 

The Thornbacks, — Family Notacantiiid^\ 


The last family of the great division of spiny-finned fishes we have been 
considering in the foregoing paragraphs includes only the deep-sea fishes 
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known as thornbacks, all of which are referred to the single genus Noiacantliifs. 
These fishes are very abnormal forms, agreeing only with the more typical 
members of the suborder to which they are referred in the presence of spines in 
the median fins. Possessing an elongate and somewhat comprt'ssed body, covered 
with minute scales, they are specially characterised by having the dorsal fin 
composed of a series of low isolated spines, without any soft portion ; while the 
anal is elongated, with a great number of spines ; the pelvic fins being abdominal 
in position, and comprising more than five soft rays, in addition to several un- 
articulated ones. In the head the mixzzle is prolonged in advance of the mouth ; 
the moderate-sized eyes are lateral in position ; and the teeth are small and weak. 
The six known species range from the Arctic Ocean to the Mediterranean, Atlantic, 
and South Pacific. All arc deep-sea fishes, probably dwelling at depths of from 
a hundred to five hundred fathoms ; although one specimen tak* n to the south of 
Yt)kohama duinng the voyage of the Challenger is stated to have come from a 
depth of nearly nineteen hundred fathoms. 
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The Wuasse-Like Fjstiks, — F ainilios Pomacentvjda:, J^ATumhE, 

OintOMrDlLKE, (‘tc. 

In almost all tlai families of spiny-timie<l fishes Iiitlua’to described the Iowct 
]) haiyn^(ial boiu's are com})letely se])arati‘d from one another, wln'reas in the 
four fain nanainin^ for consideration these are unite<l 'svith one another. Jt 
has been considt‘red that tliis difierence was oF sufiicieiit importance to justify 
the ref(T(nice of the familicis witli united pliaryno-eals to a subordinal ^roup of 
ecpial rank Avith one containing those in wliicli tlu‘se bones reniaiii distinct; but wo 
prefer to follow Day in re;^arding the oroup now to be considered uu'rely as a section 
of tlie suborder whicli includes all the otlnn* sjiiny -finned fishes. That this is the 
correct vioAV is proved by the circumstance that in one aberrant genus of perches 
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(Grrres) some of the species have the lower pliaryngeal bones s(‘parate, wliile in 
others tliey ai'c unite<l. In the thnui fami]i(^s constituting the jiresent group 
there is a singh) dorsal fin, in wlucli the number of spines and soft rays is 
nearly e(jual ; wliile the anal is usually similar in character to the soft dorsal; 
and the pelvic fins are thoracic in iiosition, and include one spine and five 
soft rays. 

^ ^ The first of the families of the pi'esent sectional group takes its 

Poxnacexitras. , ^ ^ ^ . 

name from the genus PomaceniruH, which, together with the allied 

genera, includes trojiical fishes mainly frequenting the n<‘ighbourhood of coral- 

reefs and islands, and thus closcily resembling the scaly-finned fishes (p. 343) 

in their mode of life; a few species of tlie family range, however, into the seas 

of the temperate zones. As an example of the typical genus, we figure P. scolopids, 

from the Malayan sc^as and Polynesia. As a family, these fishes are specially 

characterised by the presence of false gills and ctenoid scales. In form, the body 
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is more or loss sliort and conipress(Ml ; there are weak teeth in the jaAvs but none 
on the palate, and there is an air-blad<ler. Tlie family is re])resented by eight 
genera and considerably ov(‘r a hundred species ; and the gene]-a maybe divided 
into gi'onps, accoi’diiig as to whetlun* all or some of the opercular bones are serrated 
at the (‘dges or are all simjdti : Point Ix^longing to the intermediate group, 
in which tlui* preopercular is serrated, while the edges of the other bones of the 
gill-cover are entire. In a fossil state the family is represented by an extinct 
genus from the middle Eoceiuj deposits of Monte Bolca. Pontmenfrus is the 
largest genus of the famil}^ its rep»*esentatives ranging over th(i tropical seas 
of both luunispheres. Curiously enough, not only do theses lishes resemble the 
scaly-finned fishes in their inode of lif(‘, but they are veny similarly coloured, 
so much so, indeed, that in some instances actually the same patbu'ii of coloration 
is common to memliei’s of the two families. Tliis, as i*emark(‘d ])y Dr. Clinther, 
is oiK^ of many instances showing that tlu^. coloration of animals depends to a 
grt‘at (‘xtent on their mod(‘, of life and natural surroundings. All these fishes 
are carnivorous, subsisting on various small marine animals; those furnished 
with compresstsl teeth probably bi'owsing on th(i coraDpolyjis. 

Wrasses Distinguished from the preceding family by tludr cycloid scales, 

the wT’asses form an exbmsive group {Lahvida')^ many ol* the niemlx‘rs 
of which may be (‘asily r(‘Cognis(‘d by their greatly thickened lips, sometimes 
pi*ovid(‘d Avith an int(‘)*nal fold; and fiom this cluiracter tiny dcTive theii’ German 
title of lip-fish(‘s. False gills are present, and the true gills, thre(‘ and a lialf in 
numb(M- on each side. Th(‘ Ixxly is oblong or elongate, and AAdiile teeth are present 
in tht^ jaws tlu‘y are absent on tlu) palate. In the single doxAsal tin the number 
of spines is usually e(pial to that of tlu‘ rays; the anal is similar to the soft dorsal, 
and an air-bladder is pres(*nt. Littoral in their liabits, the great majority of the 
Avrasses are found in tropical and temperate seas, none occurring witliin thti limits 
of th(‘ polar st'as. Rocks and coral-reefs are their favourite haunts, most of thetn 
feeding chiefly on molluscs and crustaceans, for crushing the shells of which their 
teeth are specially adapted. In many kinds th(UT is an additional pointed curved 
tootli at cjich angle of the upper jaw, use<l for holding a shell against the front 
and sid(i b^eth, by AA'hich it is ci’ushed. The majority of the wrasses are beautifully 
coloured fishes, di^corated not only Avith transient iridescent hues on the scales, 
but likewise Avith permanent colours formed by the deposition of pigment in the 
•tissues. Some of tln^ specie's groAV to a large size, specimens weighing upwards 
of 50 lbs. ; and it is these larger species which are most estceiiu'd as foexl-fishes, 
the flesh of tlui smalhu* kinds being of inferior (juality. In a fossil state Avrasses 
date from the middle Eocene of Monte Bolca, where remains referable to the 
• existing genus Lahrus occur; while an extinct Eocene genus from North America 
appears to be the ancestral form of the existing black fish {Tauiotjn). An allied 
extinct family is i*epresented by P//yWor7a.s‘, from the Cretaceous and lower Eocene 
of Europe — distinguished by the flattened leaf-like pharyngeal teeth — as well as 
by several otlier more or less nearly related Tertiary types. 

As it AA’^ould be quite impossible in our limited space to describe 
Truio IViraBsos. ^ ^ 

even a few of the numerous genera of Avrasses, we must content 

ourseh^es with i^aying that these arc arranged in groups according to the structure 
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of tlio antorior teeth, aiul devote our reiuainiiij^ observations mainly to the typical 
wrasses constituting the genus Lahvofi. In this genus, of which the figured striped 
or red wrasse {L. vdxtu.'i) may be taken as a well-known British example, the 
body is compressed and oblong in form, with the moderate-sized scales arranged in 
more than forty transverse rows ; the muzzle is more or less sharply pointed ; the 
cheeks and opcu-eular bones are covered with imbricating scales, which 'are, however, 
wanting or but few in number on the interopercular ; and the conical teeth are 
arranged in a single} I'ow in the jaws. The spines of the dorsal fin are numerous, 
varying from thirteen to twenty-one, and are all of approximately equal height ; 
there are three spines in the anal fin ; and the lateral lino is continuous. In the 
young, the edge of the preopercular bone is serrated. These wrasses are chiefly 
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characteristic of the Mediterranean area, gradually diminishing in the more 
northem seas of Europe, and being quite unknown in those of India. The striped 
wrasse exhibits a remarkable sexual variation of colour ; the males usually having 
the body marked with blue streaks or a blackish band, while in the females the 
back of the tail shows two or three blackish blotches. The other Bidtish species 
is the Ballan wrasse (Z. maculatw), in which the general colour is bluish green, 
the scales being margined with reddish orange, and the fin-rays also of the latter 
tint. Couch writes that the Ballan wrasse “ frequents deep gullies among rocks, 
where it shelters itself among the larger kinds of seaweeds, and feeds on crabs and 
other crustaceous animals. It takes a bait freely, and fishermen remark that when 
they first fish in the place they take but few, and those of large size; but on 
trying the same spot a few days after, they catch a great number, and those; 
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smaller, from which they conclude that the large fish aHHumo the dominion of a 
district, and ko<‘p the younger at a distance.” Tlie gol<l sinny {Crevilahms 
mielops) is a British example of a s(*cond genus, distinguished by the serrated edge 
of the preopercular. Another well-known member of the familj' is the black-fish 
{TanUxja onifi^), of the Atlantic coast of North America, so named on account of 
its blackish brown colour, and the sole r(‘f) resen tative of a genus characterised by 
the naked opercular, the rudiiiiental scales on the cheek, and the double row of 
teeth in the jaws. 

Since tlieir Mediterranean representative {Scams crdensls) was 
Parrot-Wrasses. estimation among the ancients, brief mention must 

be made of the parrot-wrasS(‘S, of Avhich the other species are inliabitants of the 
tropical parts of the Atlantic. These fishes are easily recognised by their sharp 



beak, caused by the coalejscencc of the t(‘cth; and also by tlie lower jaw projecting 
in front of the upper. Of the splendidly coloured Mediterranean species Dr. 
•Gunther writes that it was most plentiful and of the best quality in the 
Carpathian Sea, between Crete and Asia Minor, but was not unknown, even in 
.early times, on the Italian coasts, though Columella says it seldom passed beyond 
Sicily in his day. But in the reign of Claudius, according to Pliny, Optalus 
Elipentiua brought it from the Troad, and introduced it into the sea between 
Ostium and Campania. For five yeai’S all that wore caught in the nets were 
thrown into the sea again, and from that time it was an abundant fish in that 
* locality. In the time of Pliny it w^as considered to be the first of fishes ; and the 
expense incurred by Elipentius was justified, in the opinion of the Roman 
gourmands, by the extreme delicacy of the flesh.” This fish feeds on seaweed; 
und the mastication required to reduce this to a pulp probably gave rise to the old 
idea that it was a imminant. 

Viviparous For the want of a better one, the members of the small family 

Wrasses. DitreTYidtidai may be termed, on acccoiint of their peculiar repro- 
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(luctive arrangements, viviparous wrasses. Agreeing with the wrasses in the 
presence of false gills and the cycloid scales, they ditter in liaving four gills, and 
the anal fin furnished with three spines and numerous soft rays. In form, tlie 
compressed bo<ly is cither elevated or oblong, and the lateral line continuous. The 
single dorsal tin lias a spinous portion in front, and a scaly sheath along the base, 
separated by a groove from the body-scales. Small tei'th are ju’esent in the jaws, 
but tlie palate is toothless. Generally not exceeding a pound in weight, these 
fishes are confined to the temperate region of tlie North Pacific, where they are 
much more numerous on the Anunacan than on the Asiatic side. While the 
majority belong to the genus DifreDia, of which an example {D. argniieam) from 
San Francisco is represented in the illustration, one species constitutes the genus 
IFrirrocarpas^ distinguished by the number of dorsal spines being from sixteen to 
eighteen, instead of only from seven to eleven. All these fish produce living 
young, which are contained in the sheath of the ovaries, instead of in the oviduct. 



tuistuam’s chkomid. 

curomids Although some members of the preceding family may occasionally 

enter rivers, the chromids, family (Jhromididau differ from all the other 
fish with united lower pharyngeals in being exclusively fresh-water forms. Their 
distribution is somewhat peculiar, and very similar to that of the lung-fishes 
(exclusive of the Australian form). Thus they are found in the rivers of Tropical 
America and Africa, together with Madagascar, Syria, and Palestine, one outlying 
genus occurring in India ; and it may be remarked that all the genera from the 
New World are distinct from those of the Old World. Mostly of compai’atively 
small size, although one species of the type genus from the Nile grows to a length 
of about twenty inches, the chromids may be distinguished from all the other three 
families of the present group by the absence of false gills. The body, which m 
somewhat variable dii form, is generally covered with ctenoid scales, although in 
’ some cases these may be cycloid ; and the lateral line is more or less interrupted. 
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In the single dorsal fin the spinous portion usually exceeds the soft in (extent ; the 
anal fin having three or ]iiore spines, and its raye<l portion being similar to the 
soft dorsal. The jaws are provided with small teeth, but the j)alate is smooth; 
and the number of gills is four. In some species the teeth are lobatci and the 
intestines complicati‘d by many foldings: these types being vegetable -fec<lcrs 
while all tlK3 remainder are carnivorous. Among the best known representatives 
of the typical g<*nus Chvonih^ is the so-called butti of the [Nile (C. n iloticiis), which 
is oiK^ of the largest nieml)ers of tlie family ; while Tristram’s chromid (C. tristrami) 
hero figured is from salt and other lakes in the Sahara and Ashanti. As a genus, 
Chroviis is distinguished by its lobate tecith, the presence of only three spirals in 
the anal fin, and the scaly gill-c()V(u* ; and it therefore belongs to the vegtitable- 
feoding group. Nhieteen existing genera have been described; and the family 
appears to be ropi*esented by one, or pijrhaps two extinct geneidc types from the 
middle Eocene of Monte Bolca, in Italy, 

The TuiT-(jriLLEi) AXD CoMB-diLLEi) FisiiES, — Subordcrs 
LoPHOJUtANCHIJ AND PlECTOGNATH L 

The two small subordinal groups of fan-finned fishes now to be noticed 
have been g(‘ntu*ally placed after the soft -finned fishes, but from recent 
investigations into tlieir anatom}^ it appciars more i)robablc that they are highly 
specialised types related to the spiny-finned group. 

The Mailed Tube-Mouths,— Family ^olenghtomatida^, 

A few small fishes from the Imlian Ocean constituting the genus Sohmofifomif, 
are the sole representatives of the first fajiiily of the suborder Lophobranchii ; the 
distinctive featuri's of that subordinal group being as folloAvs. The body is 
invested in a segmented bony dermal skeleton, and the bones of the gill-cover are 
reduced to a single plate. The gill-openings are small, and the gills themselves 
consist of small, rounded tufts spilnging from the gill -arches; while the 
muscular system is characterised by its very slight development. The simple air- 
bladder, wlieJi present, resendJes that of the spiny-finned group in being unpro- 
vided with a duct communicating with the pharynx ; and the prolonged muzzle 
terminates in a sinall toothless mouth, in which the bones are arranged as in the 
group last named. In the family umlcr consideration the gill-openings ai'c wide ; 
the rays of the first of tlie two dorsal fins are not articulated ; and the whole of the 
other fins are well developed. The mailed tube-mouths take their title from the great 
elongation of the tube-like muzzle; the compressed body having a very short tail, 
and, like the he^ad, being covered with a thin skin, beneath which are the large 
bony plates, marked with a radiate pattern. The soft dorsal and anal fins arise 
from boss-like elevations of the hiialer part of the body ; the pelvic fins, which are 
placed closes together in the same vertical line as the tall first dorsal, and have seven 
rays, are separate from one another in the males, but in the opposite sex have their 
inner edges joined to the skin of the chest so as to form a pouch for the reception 
of the eggs. ^Tho air-bladder is wanting. A female of the blue-finned species {8. 
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cyanopterum) is shown in the accompanying illustration ; the range of this form 
extending from the coast of Zanzibar to China and Ceram. The female takes tKo 
whole charge, not only of the exceedinglj^ minute eggs, but likewise of the newly- 
liatched fry. Like the members of the next family these fishes generally swim in 
a more or less nearly vertical position, tla^ d(3rsal fin exerting the cliief propelling 
power. The family is represented by an extinct genus from the Italian Eocene. 



BLITE-FINNED TUBE-MOUTH (nat. sjzc). 


The Pipe-Fishes and Sea-Horses, — FumUy 

From the members of the preceding family the pipe-fishes may be dis- 
tinguished by the reduction of tluj gill-opening to fi very small opening at the 
superior hinder angle of the gill-cover, as well as by the single soil dorsal fin, and 
the absence of the pelvic fins ; some of the other fins being likewise wanting in 
certain genera. Mainly marine, although frequently entei’ing brackish, and more 
rarely fresh waters, these strange fishes are to be found on the coasts of tropical 
and temptu’ate seas in such situations as, fi-om the abundance of s(‘aweed, offer 
them sufficient shelter. They ai-e naturally poor swimmers, ami if carried away 
from protective covert may be borne helplessly out to the opcai ocean by the action 
of currents. Unlik(^ the tube-mouths, the males take, charge of the eggs and 
young, being often provided with a pouch formed by a fold of skin arising from 
each side of the body and tail, and joined together in the middle line; in the sea- 
horses this pouch being completely closed, save for a small a])erturc in front. 
In this receptacle the eggs are deposited, and remain there till liatched. l^he 
typical genus, as well as Siphonostomaf is represented in a fossil state in the 
middle Eocene of Monte Bolca, where there likewise occurs an extinct genus 
of sea-horses. Including several genera, the pipe-fishes arcj characterised by 
the absence of prehensile power in the tail, which generally terminates in 
a fin. In the typical genus Syvgiiathus, as represented by the great pipe-fish 
(S, acm\ shown in our illustration, the body is marked with more or less distinct 
longitudinal ridges, among which the one down the back is not continuous with 
that on the tail. The pectorals arc well developed, the caudal present, and the 
dorsal fin placed n^ai’ly or exactly above the vent. In the males the pouch is 
fully devfCbped, of the type described above. The great pipe-fish is a 

cqn^on 'jgipecies European seas, extending westwards across the Atlantic and 
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4S0uthwar(ls to the Cape, and grows to a length of a foot and a lialf. As an 
cxatnple of a second genus, we may mci»tion tlie deep-nosed pipe-fish {B. iyplile), 
•of the British seas, distinguished by the upper ridge on the tail being continuous 
with the lateral line, but not with the dorsal ridge. In the tropical genus 
Doryichthijs, as in some others, we lind that tlie eggs are only glued to the skin 
of a broad gr90vc on the under surface of the males, instead of being protected by 
a closed pouch. The slender straight-nosed pipe-fish {Nevophi^ ophidiiim), which 
may not unfrequently be seen served up among a dish of whitebait, is a British 
example of a fout^th genus, in which not only is there no pouch on the under 
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surface of the males, but the body is rounded and nearly smooth, and the caudal 
fin either rudimentary or wanting. All the pipe-fishes arc carnivorous in their 
diet; and it is stated that in tho.se species provided with a pouch, the fry will 
return to this for shelter till a considerable time after birth. Ihe pipe-fishes 
swim about slowly in a very peculiar manner, more generally vertically or in an 
inclined position than horizontally, contorting their bodies into every conceivable 
kind of posture, and poking their long snouts inquisitively into bunches of sea- 
weed in thejr search for food. 

The prehensile structure of the tail is the chief difference between sea- 
hoi-ses and pipe-fish, although in all the existing representatives of t^e former 
group thqre is no caudal fin. The sea-horses are divided into isoyeral ginei%; ,of 
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which the typical one is best known by tlie short-snouted sea-horse {Hippocamimff 
aaf Ujuoriun), ranging from the Atlantic and Mediterranean to Australia, and occa- 
sionally found in theAkitish seas. In this j^^enus the body is more or less com- 
pressed and deep, with its investing bony shields raised into tubercles or spines 
of vai'iable length ; while the back of the head is compressed into a crest, teiiriinat- 
ing in a well-marked knob. Small pectoral fins are present, and the males have 
a pouch beneath the tail, with its aperture near the vent, in which to carry the 
eggs. The curious resemblance pres(aited by the heads of these fishes to that of 
a lioi'se has obviously given rise to their popular name. Tliey are represented 



FUCUS-LIKE SEA-HOKSB (§ liat. size). 


by about a score of species. A remarkable instance of resemblance to their natural 
surroundings is afforded by the three representatives of an Australian genus of 
sea-horses, one of which (Phyllopteryx eqiies) is shown in the accompanying 
illustration. In tliese fislies the body may be either compressed or as broad as deep ; 
some or all of its smooth bony plates being furnished with long spine-like processes 
projecting from its edges, and many of these terminating in irregular leaf-like 
appendages. There are a pair of spines on the muzzle, and others above the eye ; 
pectoral fins are present ; and the tail is about ecjual in length to tUo body. In 
the absence of a pouch, the eggs are embedded in soft membranous skin on the 
under surface of the tail. These sea-liorses closely resemble the colour of the sea- 
weeds to which they attach themselves, while the filamentous appendageji of their 



FILE^FISHES AND COFFERNISHES. 


427 


Bpincs appear as if they were actually a part of tlu^ ve^etahlo growth. These 
species arc of relatively larg(‘ size, attaining a Icaigtli of as ]imch as a foot. 


P"ilk-Fishes and Coffeu-Fishes, — P' aniily Baltstid^e. 

With the file-fishes and tlieir allies we come to tlie first of tlic^ two families 
constituting *tlie suborder Plectognathi, of which th(‘ following are the distinctive 
characters. In the head the ])ones are complebdy ossified, while in th(^ r<\st of the 
skeleton th(‘y are incompletely hardened ; the inmdjer of vertebrjc Ixung few. 
The small gill-openings are situated in front of thi^ pc'ctoral fins, and the gills 
themselves are pectinate ; the mouth being narrow, with some of the bones of the 
upper jaw unitcMl, and in C(‘rtain cases both jaws prolonged to form a bcNak. There 
is gemu’ally a singh^. soft-rayed <lorsal fin, placed far back on tlui body, and situated 
immediately abovti the anal ; and there may be rcunnants of a spinous dorsal ; 
while the 2)tdvic fins, when ivtained at all, take the form of simple sj)ines. The 
skin may be eitlnu* entii’ely naked, covered with rough scales, invested in a 
complete cuirass of platt\s composed of true bone, or dottixl over with bony spines. 
There is no duct connecting the air-bladder with the pharynx. As a family, the 
file-fishes and their allies are specially distinguished by the presence of a small 
number of distinct teeth in the jaws. Tlndr bodies an^ either compi*essed or 
angulated, with a somewhat ])roduced muzzle ; moni or less distinct vestiges of a 
spinous dorsal and p(‘l vie fins generally occur ; and the skin maybe either rough 
or spiny, or the wliole body inv(‘st(‘d in a bony cuii’ass. Theses fishes, which are 
of medium size, range overall tropical and tem])(U’ate seas, although more numerous 
in the former than in the latbu-, and may b(i divided into three subfamilies, in each 
of which we notice an example'. Itxtinct gemeric types date fi*om the period of 
the lower Eocems while the file-fishes themselves are recorded from the middle 
Eocene of ilonte Bolca. 

The first subfamily is typically iHipresented by Triacanihus hrevirosirii^, from 
the Indian Ocean, the other genera b(*ing from the Australian seas. The vspecial 
characters of the group are to be foiiml in tlic compressed form of the body, and 
its covering of rough, scale-like plates, as well as in the presence of a pair of strong 
spines representing the pelvic fins : the type genus being distinguished by having 
from four to six spines in the spinous dorsal fin. The typical file-fishes {BalisteH) 
belong to a group of three genera in which the body is compressed, and covered 
either with a rough skin or movable scale-like plates ; and the pelvic fins are either 
wanting or reprtjsenteil mendy by a single median swelling on the abdomen. These 
fishes are distributed over all tropical and subtropical seas ; the first two genera 
including a veiy large number of species. Whereas in the typical genus there are 
three spines to the dorsal fin, and the cliin is devoid of a barbel, Mcmacanthun 
differs in the reduction of the dorsal spines to two or one, and AvacanthuSj which 
has a single dorsal spine, is distinguished from both the others by the barbel on the 
chin. In many districts the flesh of these fishes, if eaten, gives rise to symptoms 
of most acut6 poisoning. Many of the species are beautifully ornamented with sym- 
metrical markings ; and while the majority are of small size, some attain as much as 
a couple of feet in length. Of the members of tl)c typical genus Dr. Giilither writes 
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that, “both jaw8 are armed with eight strong iiicisor-like and obliquely truncated 
teeth, by means of which these fislies are enabled to break off pifeces of the corals 
on which they feed, or to chisid a hole into the hard sliells of molluscs, in order 
to extract tlie soft parts. They destroy an immense number of molluscs, thus 
becoming most injurious to the p(jarl- fisheries. The first of tlu^ir three dorsal 
spines is very strong, i^oughened in front like a file, and liollowed out behind to 
n^ceive the s(‘Cond much smaller spine, which, besides, has a j)rqj(‘ction in front at 
its base, fitting into a notch of tlie first. Thus these two spines can only be raised 
or depresscMl simultaneously, and the first cannot Ixi forced down unless tlie second 
has been j)r(^viously depressed. The latter lias been compared to a trigger, hence a 
second name — trigger-fish — has been given to these fishtis.” Two Atlantic species 
of the genus ar(^ now and then m('t with on the British coasts. 

The box-like coffer-fishes (Osfrdcion), of which thei*e are rather more than 
a score of species from the tropical and subtropical seas, alone represent the 
third and last subfamily, and are easily recognised by the enclosure of the 
angulated body in a complete cuirass formed of six-sided bony plates with their 
edges in juxtaposition, thus forming a mosaic-like pattern. Both the spinous 
ilorsal and the pelvic fins are wanting, although their ])osition may be indicated 
by prominences. In the whole backbone there are but fourt(‘en vertebrm, of 
which the last five are very short, while those in the front of the series art', 
much elongated; and the ribs are entirely wanting. In some of ilit' species tlie 
cuirass is marked by three, and iti others by four or even five* ridg(\s ; but in other 
castis it is armed with long spines, which vary in length accoi’diug to the ago of 
their owner. A species (0. qundricornis) is figured in the coloui’ecl Plate. 

The Gi/mE-FisiiEs xVNd Sun-Fishes, — Family 

Unlike as they are in external appearance, the spine-clad globt'-fishes and 
the huge flattened sun -fishes are referred to a single family, distinguishctl 
from the last by the bones of the jaws being confluent and modified into a 
cutting beak, which may or may not liave a median suture, the dentition taking 
the form of dental plattis composed of thin parallel layers. The body is more or less 
shortened; a spinous dorsal, anal, caudal, and pectoral fins are developed, but the 
pelvics are wanting. The external covering may take the form either of a number 
of small or large spines, or of plates ; and the air-bladder may be (uther present or 
absent. Inhabitants of tropical and subtropical seas, with the exception of a few 
found in the fresh waters of the same regions, the members of this family are 
mostly small or medium-sized forms, although this is by no means the case with 
the sun-fishes. In many of them the flesh is of a higlily poisonous nature, at least 
<luring certain seasons of the year. Like the preceding, the present family may 
be divided into three groups or subfamilies, the first of which is represented only 
by the sac-fish {Trlodon hurmriusi) of the Indian seas, which takes its name from 
the sac formed by the dilatable skin of the abdomen ; this sac being supported by 
the pelvic bone, and filled with air at the will of the fish, although its lower portion 
consists merely of a flap of skin into which no air can enter. The dental plate 
of the upper jaw is divided by a median suture, while that of the lower jaw is 
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continuous. Tho ^elongate tail torininates in a forked fin; and the body is invested 
with spiny bony plates, which do not overlap one another. The single species, which 
may attain a length of 20 inches, ranges over the Indian and Malayan seas, and is of 
a general brown colour, with a spot of variable colour on the sac, and the fins yellow. 

^ ^ The esse.ntial characteristics of the globe-fishes, which form the 

•second sublamily, ai-e that the tail and its fin are distinct and well 
developed, and that a portion of the a^sopliagiis is liighly distensible and capable of 
being inflated with air. All the globe-fishes, or, as they are sometimes called, sea- 
hedgehogs, are easily recognised by the short and cylindrical or rounded form of 
the body ; which is generally covered with a scaleless skin bearing a number of 
spines of variable size. \Vh(‘n these spines are of large size, they are spread uniforndy 
over the whole body,* but when small they are partial in their distribution. These 
fishes are divided into two gi'oujrs, according to tlie nature of the dtmtal j)lates. In 
the first, or small-spined group, as typified by tlie genus Tdvodon , — of which a 
species is represented in tlui lower figure of the coloured Plate, — the dental plate of 
each jaw is divided by a median suture, and the spines are frcKjuently very sma]]> 
and may be even altogether absent; many of the spc^cies being very bidlliantly 
coloured. One member of the g(‘nus inhabits the riv(‘rs of Brazil, and a second 
those of West Africa and tlie Nile, while a small form is found in the brackish- 
water estuaries of India. According to Day, tlie flesh of some of the species is 
poisonous, wliile that of other kinds is (‘ateii by the Andamaneses and Burmese. 
In the second group, of whicli the porcupine, globe-fish {Diodoih In/sirijr) is shown 
in the lower figure of the coloured illustration, the dental plates in the jaws are 
undivided, and the spines large and fr(‘quently erectile. In addition to the 
undivided (kuital plates on tlie edge of the jaws, in the members of this group 
there is another ciaishing plaUi in the mi<ldh‘ of tlu^. palate, opposed by a similar 
one in a corresponding position in the lower jaw; these plates being divided by a 
median suture, and from their laminate<l structure forming most admirable 
triturating instruments. The poi’cupine globe-fish, which may iiK^asiire fully a 
couple of feet in length, is distributed over both the Atlantic raid Indo-Pacific 
Oceans, where it is accompani(?d by the smaller spotted globe-fish (1). 7itacid(dus). 
Fossil diodons have been discovered in the Miocene strata af Malta and Sicily, as. 
well as ill the middle Eocene of Monte Bolca, and in other Eocene beds on the 
coasts of Algeria and Arakan ; while an extinct genus has also been recorded from 
the Italian Eoceiu*. In their normal state the globe-fishes have rather elongated 
cylindrical bodies, but they arc able to assume a globular form by swallowing air,, 
which passes into the cpsophagus and blows out the whole animal like a balloon, 
with the spines standing out at right angles from the tense skin. In this condition 
the fish naturally floats back-downwards, and it is then driven to and fro on the 
ocean-surface by waves and currents in a perfectly helpless condition ; although 
the bristling spines render it perfectly safe from all attack. The distention is, 
therefore, evidently for the purpose of defence; and it has been suggested that 
when swimming below the surface these fishes may inflate themselves in a similar 
manner by swallowing water instead of air. When desirous of returning to its 
normal condition, the fish expels the air from the oesophagus through the mouth, 
and gill-openipgs ; a loud, hissing noise being produced by the exp^|^ion. 
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SunR he gigantic sun-fislu‘s (Ort/iaiforiscns)^ whicli are p(‘lagic forms 

distributed tliroughout tliii wdiole of the teinperiite and tropical seas, 
alone represent the tliird subfamily, an<l are distinguisluHl by the (‘xtremely short 
anti truncated tail, the conflinaice. of all the median iins, and the short and highly 
coinprc^ssed body, the dental plates of tlie jaws being undivided. The skin is 
either rough or smoothly tesselated, and incapable^ of distention with air; there 
are no ])elvic tins; th(‘ air-bladthn* is wanting; ami there is an accessory opercular 
gill. As in the glo])e-tishes, tht‘re aiv no pelvic bones in the skeleton, and the 
vertebral column is remarkable, for its extreme sliortiK'SS, there being only 
sev'enteen segmemts in thtj whole series, of which sev(Ui Ixdong to th(‘ tail. In all 
the members of the suborder the spinal cord is ]iotieea,bh^ foj- its shortJiess ; but in 
the siin-lislies this abbreviation has b(‘en carried to such an (‘xtent that the whole 
cord is little more than a conical l)ackwar<l appendage^ of the ])rain. '^Fhe creatunis 
considercsl to Ixi veiy young sun-tish are utterly unlike^ tb(^ adult form, having 
an enoi*mous ('yt\ and th(‘, head and body armed with a mimlx'r of larg(‘ spine-like 
projections. T1 k‘, caudal fin is not developed till much later tlian tl)t' dorsal and 
anal, which in the adult a)*e V(‘ry short, of great ludght, and ])lact‘(l opposite to one 
another at the liinder end of th(‘ body, ddie common sun-fisli (0. which 

has a rough, finely granulated skin, attains V(Ty large dimensions, an exampitj 
caught off the coast of T)oi*setshire in 184() nu'asuriiig 7\ feet in haigth. 

Far ]*arer is the oblong sun-tisli (0. /ra Avldcli is, ind(‘ed, one of tlie 
scarcest obj(‘cts in museums. It is rearlily distinguisluid by its smooth, tesselated 
skin, and the moi’e elongated form of the body; tlu^ entir<‘ haigth lx *ing nearly 
tliree times tlie breadth. An (‘xaniple of tliis fish, weighing 500 lbs., was taken in 
Plymouth Sound in the year 1734. Both species apptair to IVxxl on small ptdagic 
crustactains. In a fossil stab^ sun-fisli(‘s have been iccorded from strata of lowca* 
Miocene or upp(3r Eocene age in Belgium. 

The Soft-Finned Fishes, — S uboialer Anacanthini. 

This suborder, which includes the important faniili(*s of the flat-fish and cods, 
is characterised by the median and pelvic fins being entirely composed of soft 
jointed rays ; the pelvic fins, if present, being either jugular or thoracic in position ; 
and the air-bla<lder, when developed, having no duct communicating with tln^ 
(esophagus. It should, however, be mentioned, that a finish- wati^r Australian fisli 
(6rarZops/s) forms an exc(‘.pti()n as regards the structure of its fins, having spines 
in the anterior portion of both the anal and dorsal. The suborder is divid(id into 
two sections, according to whe^ther the hea<l and body are symmetrical or distorted, 
the first representatives of the former section being 

Family LrcODID.^E. 

This unimportant family, for which there is no proper English name, 
includes small littoral Ashes much resembling blennies in general appearance, apd 
mostly characteristic of high latitudes, although a few occur within the Tropics. 
As a family they are characterised by the confluence of the median fins ; by the 



COD TRIBE, 


431 


pelvic fins, if present at all, beinjr of »small size, jugular in position, and attached 
to tht^ pectoral arcli ; while tlui gill-opening is narrow, and tlie gill-nicnihrane 
attached to what is known as tluj isthmus, tliat is to saj', the space oti the chest 
iritervtining between tlie two branches of the lower jaw and the gill -openings. In 
the typical genus, of which a species {Lfjvode.s niunnKt) is ]*(‘pres(‘nted in our 
illustiation, tlw‘ elongat(‘<l body is either naked or covered with minute scales 
embedded in the skin; the lateral line is more or less indistinct; the eyes arti of 
medium size ; and the lowm* jaw is overlappi‘d by tln^ upj)(‘r. Hie small and 
rudimentary pelvic tins arc foi*nied of a few rays; conical te(4h are present not 
only in the jaws, but likewise on the jialatincs and voine]’; tin' gill-opening is 
narrow ; and thei-e is neitlier a barb(*l noi* an air-bladdtu-. Whik' the majority 
of the species (among which is our figured example) ai*e from the Arctic seas a few^ 
are found in the seas sui’rounding tlu', Antarctic (‘xtremity of South America. In 
Spitzbergen and ot1‘ Behring Island the eel-like ly codes is taken at depths of from 
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^50 to 500 fathoms. In the allied genus Gt/iwnell^, wliicli is of especial interest 
from a giHigraphical point of view on account of one species inhabiting the seas 
around Greenland, while the second comes from the Straits of Magellan, there 
are no pelvic fins, and the two jaws arc of equal length. A third genus, Uronectes, 
from Baffin Bay, agrees witli the last in the absence of pelvic fins, but differs in 
that th(' lower jaw is the longer. Three other genera are respectively represented 
by species from Panama, Australia, and the Straits of Magellan. 


The Cod Tiude. — F amily Gadule. 

Equalled only in this respect by the mackerels, flat-fish, salmon, and h('ri*ings, 
the cod tribe form a family of the utmost importance from a comuiercial point of 
view, and therefore demand a somewhat detailed notice. Tliey are specially 
characterised by the pelvic fins being generally composed of several rays; and 
by the caudal h^^i^g either free, or, if united wdth the median fins, by the first 
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Jorsal being divided into two moieties. More or less elongate and subcyclindrical 
in form, the body is covered with small cycloid scales ; there are either oi^e, two, 
or three dorsal fins, occupying nearly the entire length of the back, the rays of 
the hindmost being well developed ; the ^ is either single or divided ; and the 
iugular pelvic fins arc usually foi-med of llveral rays, but if reduced to filaments 
tliere is always a double dorsal. The gill-opening is wide, and the giU-membrane in 
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most instances not attached to the isthmus ; while if false gills are present at all 
they are either glandular or rudi mental. As a rule, there is an air-bladder. 
Mostly marine, the members of the cod family are mainly characteristic of the 
Arcthi and Temperate seas, where they are comparatively shallow-water fishes. 
There are, however, a^^i^ertain number of deep-water types among tJie family, and 
these have a much more extensive distribution, some of them occurring in the 
tropical Indian seas. The fresh-water forms are limited to two or three. Although, 
the flesh of the cod tribe is by no means remarkable for its .delicacy or flavour, 
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it affords a most wliolosoine and substantial food, and as it possesses ilio property 
of taking salt i*c‘iidily, it is more valuable as a focal-supply than would otlierwisc 
be the case. Moreover, the liver of the cod is of especial value as tlu‘ source of a 
highly strengthening medicinal oil^^ife^tly inerc^asing the value of the fishery 
of this species, which affcjrds employment to a host of iiiciu on both sides of the 
Atlantic. The family is divided into more than twenty distinct genera, but in 
this work our attention will be chiefly coiiccaitrated on those containing species of 
-commej'cial imj)ortance. Geologically the group is not a vtay ancient on(‘, the 
oldest known forms, all of which are referred to extinct genera, occurring in 
the London Clay and other deposits of lower Eoceiuj ag(‘. 

Hie common cod (Gadufi 'niorrlnui), of which a half-grown and 
an aduft example are shown in the two lowiu* figures of our illustra- 
tion, is the typical rtipresentative of a gcaius primarily ehai’acterised by the 
pi*(‘sence of three dorsal and two anal fins, and of tecdli on the vomer, the palatine 
bones being toothh'ss. Thc^ <legre(‘, of elongation of the body is moderate, and the 
narrow pelvic fins include six or mo)*e rays. In the imijority of the eigliteen species 
recognisi‘(l by naturalists there is a single barbel dc^pendent from the chin, but in 
some forms this is absent. The species arc* distributed over thci Arctic and Tem- 
perate regions of the Nortluu-n Hc'inispherc'. The common cod belongs to a group of 
several species charactei‘is(‘d by the. up])er jaw being the longer, and the outer sendes 
of uppeu’ t(‘etli stouter than tJie inner oims ; its barbel is relatively long. Cod 
from tlie British seas and (Jcniiian Occvin are usually greenish or ))i*ownish olive in 
colour, with a numb(*r of yellowish or brown spots; but more to the noi'th darker, 
and often uniformly c()lour(‘d specimens are more common, while in the race from 
Grec'idand, Scandinavia, and Northern Norway there is frecpiently a lai’gc*, irregular 
black patch on each side of the Ixxly. As a rule, cod vary in length fj*om 2 to 4 
feet, and may wt*ig]i as much as 100 lbs. : but a specimen out of conditiqp, caught 
nc‘ar Wick in tlic^ year 1872, measuj*(‘d upwards of 4 A feet. The range of the cod 
includes the coasts of Nortlu‘rn Europe, Iceland, and Greenland, whence it descends 
on the Amei’icaii coast as far as the latitude of New York ; the depth at which the 
fish is found extending as low as one hundred and tw(‘nty fathoms. In Britain 
the spawning-time ivS in January, at which season these fish resort to shores in 
great numbers, although at otlier times of the year they are only foitnd in the 
neighboui'hood of land singly. In America cod do not deposit their spawn till 
The great fisheries are those of the Doggei* Bank in tlie North Sea, Iceland, and 
the banks of Newfoundland ; the product of the latter area having been foiiiierly 
the greatest of all, its average value some twenty years ago being estimated at 
upwards of £700,000, of which £400,000 was accounted for by the dried fish alone, 
the remainder being made up by the oil, skins, etc. The cod is an exceeding pro- 
ductive fish, Buckland stating that the number of eggs in a roe weighing 7| lbs. 
was close on seven millions. Cod feed on various crustaceans, worms, moll]ascs, 
and small fish ; and since they always freejuent comparatively deep water, they 
are caught Ijy means of lines. 

Haddock. Belonging to the same group of the genus as the common cod, 

the haddock {G, wglefinus), which is shown in tlie left upper figure 
of the illustration on p. 482, may be always recognised by the blackish patch on 
VOL. v.— 28 
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each side of the body above the pectoral fin, and the black lateral line. Generally 
haddock vary in weight from ^ to 4 lbs., but in northern seas they attain a 
larger size than further south, and measure as much as a yard in length. In 
England the largest haddock are taken in winter, when they resort to the coast 
for the purpose of spawning. They generally associate in large shoals; and in 
stormy weathei* seek shelter in deep water among s('aweeds, when it. is useless to 
attempt fishing for them. In addition to crustaceans and othei’ invertebrates, their 
food comprises small fislu's of various kinds. Haddock are largely consumed 
when split, dried, and smoked. They range across the Atlantic. 

By far the most delicately flavoured British representatives of 
Otihor SpoclsB. , , , , ^ , 

the genus is the whiting (fr. mn'la h(/us), shown in the right upper 

corner of the illustration on p. 432, which difiers from all tho prece<ling species in 
the absence of a baibel on the chin, and is specially distinguished by a black spot 
near the root of each pectoi'al tin. The usual weight is about 1^ lbs.; 4 lbs. 
being nearly the maximum attained. The distrilmtional area of tlu‘ whiting is 
restricted to the seas of ]Sh)rthej*n Europe, where it is found in vast slioals ; 
Plymouth being one of th(' British localities where thesci fish occur in great 
abundance. Very shy in its habits, the whiting is a voracious fish, Varrell stating 
that several sprats have been taken from the stomach of one, while in another of 
4 lbs. weight were found lour full-grown pilchards. The sam(‘ writer states that 
it appears to prefer sandy banks, but frequently sliifts its ground in pursuit of 
the fry of various otlnu’ fishes on which it chieily feeds. Next to the mackerel, 
the whiting suffers more by transport than any British stai-fish, and should be 
eaten as soon as possible after captuin^ Another species with a ))laek spot near 
thc‘ pectoral fin is the pout, or whiting-pout (G, In seif s), whicli may 1 k‘ at once 
distinguished from the whiting by the barbel on the chin, and the greater depth 
of the body, which during life is marked with dark crossbands. Seldom exceed- 
ing 5 lbs. in weight, this lish ranges from Scandinavia to the Mediterraiu*an, but 
does not cross the Atlantic. Tln^ name of pout is deidved from the power 
possessed by this fish of inflating the membranes covering the eyt\s and adjacent 
regions into a bladder-like form. Nearly a]lit‘d is the much smaller power-cod 
((?. minnius), which seldom exceeds half a dozen inches in length, and may be 
further distinguished by the smaller proportionate depth of thij body. Found in 
vast shoals in the Baltic, the power-cod, although of little oi* no value, is always 
welcomed as the harbinger of the advent of its larger cousins. The pollack, or 
whiting-pollack ((?. pollachiiis), is a British representative of the group in which 
the lower jaw is the longer, and all the uppe^r teeth are of equal size ; it has a dark 
spot near the pectoral fin, but no barbel. This fish is an inhabitant of European 
seas as far as the western portions of the Mediterranean. Haunting rocky 
ground, pollack arc famous for theii* power of withstanding strong tides and 
currents ; they are very common in many parts of the south coast of England, 
as Devonshire, but become scarcer to tlic north. Being free biters, they afford 
good sport with the line. The coal-fish {(}. virens) is a closely allied but some- 
what larger form, more northern in its distribution, and taking its name from the 
black colour it frequently assumes. This fish is very common in the Baltic and 
other northern seas, numbers being captured in the Orkneys. The largest 
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specimen on record appears to bo one mentioned by Bnckland, wliicli measured 
just over feet in kmgth, and sealed 25 lbs. 

Hakes Before referring to this species it may be mentioned that a deep- 

sea cod (Halarfjifreus), which has bt‘en tak(*n off Madeira an<l New^ 
Zealand, belongs to a small group cliaracterised by having two dorsal and two anal 
tins. On the other hand, the liake {Mn'lucriiifi vidijiiris) is the British representa- 
tive of a genus belonging to a miicli lai'ger group, characterised by having two 
dorsals, a single anal, and a separate caudal tin. As a genus, the hakes are dis- 
tinguished by the strong development of the pelvic tins, which are broad at the 
base, as well as by the presimce of strong teeth on the jaws and vomer, and the 
absence of a barbel. The common hake is found on both sid(ss of the North 
Atlantic and other Kuropean seas; and is r(‘present(‘d in the colder seas of Soutli 
Amcj’ica, as well as in those of New Zealand, by the allied J/. <)ayi. The hakes are 
peculiar in ha\dng thi^ transverse processes of some of the trunk-vertebrio ex- 
panded and inflated, so as to form a kind of roof over the air-bladder. In size the 
common hak(‘ is a rather large tish, reaching 2 or even 3 feet in lengtli. On the 
Cornish coasts, which they fre<pi(‘nt in numbers in pursuit of the shoals of 
pilchards, hake ha\'e been takrii in vast (piantities, upwards of forty tliousand 
having once been landed in a day at Mount's Bay, while on another occasion eleven 
hundred were takiai in two nights by a single boat. When captured in the 
pilchard-n(‘ts, thes(^ fish gen(*nilly gorge tliemselves to such an oxttuit on their 
fcllow-ca])tives as to become com])let(‘ly hidpless. Although the flesh is coarse and 
of inferior flavour, large numlu‘rs of hake arc dried and salted. 

Burbot (‘xainple of a fresh-water r(‘i)resentativo of the cod family, 

W(^ may ndVr to th(‘ well-known burbot or (‘el-pout {Lofa vidgaris)^ 
which is th(‘ sole member of its gtaius, and is common in the rivers of Central and 
Northern Europe and North America. BVdonging to the group with two dorsals, 
one anal, ami a. distinct camlal, the genus Lota has the first dorsal fin well 
devcdojxrd, with from t(‘n to thi!’te(*n rays, the p(‘lvics with siweral rays, the head 
flattened, tin* body much elongated, and villiform t(‘oth in tlie jaws and on the 
vomer. Tin*, chin is furiiish(Ml with a barbel. In length the burbot exceeds a yard, 
and its flesh ranks high among fresh- water fisli. Its form is shown in the upper- 
most tigui’e of the illustration on p. 43(). In Britain found only in the east 
of England, whei'o it is not uncommon in the Cam and the Ouse*, the burbot is 
widely distributed on the Continent, frecpienting alike large rivers, small streams, 
lakes, and pools. It prefers, howevej’, deep to shallow water, being found in large 
lakes at a depth of from thirty to forty fatlioms : its colour being then paler than is 
the cast^ with specimens from shallower water. From its habit of lying concealed 
beneath stones or in liolcs on the riv(u* bank, the burbot in some parts of England 
is known as the coney -fish. Its food consists of the fry of other fishes, or the 
adults of the smaller kinds ; and it is stated to be particularly destructive to the 
perch. In the spawning-s(^ason, which varies considerably according to localities, 
burbot are in the habit of congregating in large numbers; and in some of the 
German rivers masses of these fishes, including as many as a hundred individuals, 
mdy be found knotted together after the fashion of eels. While some burbot 
spawn in November and December, in others the function is delayed till March ; 
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and it is during the spawning-vseason that the fish is in the best condition for the 
table. The burbot is a fish of slow gi’owth, not attaining full maturity till it’ is 
upwards of four years old. 

Ling and Rock- Distinguished from the burbot by the presence of several enlarged 
Ungs. teeth in the lower jaw and on tlie vomer, the ling {Molmi vuhjdvis) 
may be regarded merely as a marine re})resentative of that genus. The common 
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ling, which generally measures from 2 to 3 feet in length, is a noiihern form, 
ranging from the coasts of Greenland and Iceland to those of Britain and other 
parts of Northern Europe. In this fish the upper jaw is the longer, but the 
reverse condition obtains in a second Scandinavian species, and also in a third from 
the Mediterranean, which are the only other representatives of the genus. The 
ling-fishery is an important industry, large quantities of these fish being cured 
and dried. Belonging to the same group of the family as the ling, the rocklings 
{Motella) are readily distinguished by the reduction of the first of the two dorsal 
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fins to a nari*ow-i*ayed fringe*, tho first ray elongated, more or leSvS completely 
received in a longitudinal groove. There is a band of teeth in the jaws, and another 
on the vonuu*, and all tlie s])ecit‘s liavo barbels, not only on the chin, but likewise 
on the muzzhi, the number of tlusse appendages affording the rea<liest means of 
specific <liserimination. I'hey are all of small size, and while I’anging over the 
same seas the ling, likt;wise (‘xtend to those of Japan, the Cape, and New 
Zealand. Ihe British representatives of the genus include tlie five -bearded 
rockling {M. ni tisfeld), with i’oui* upp(‘r barb(‘ls, the four-bearded rockling (3f. 
cv)nhri<( ), ixnd the common thr(‘e-boai*ded rockling (M, iricuThaf a) , the little fivsh 
commonly known as the mackeixd-midge, and formerly regarded as the representa- 
tiv^e of a distinct genus being only tlie young of the recklings. 

Brief mention iilay be made* h(u*e of a fish from the Northei*n, Temperate, and 
Arctic seas, known as the torsk {Brosniius hrosvtr), on account of its forming the 
sole representative of a grouj) charaettudsed by having only a single long dorsal 
and a shorter single anal fin, the caudal being distinct, the narrow pectorals formed 
of five rays, tei'th present on the vomer and palatines, as well as in the jaws, and 
the chin furnislied with a barbel. Attaining a length of a little over 20 inches 
the torsk is occasionally taken in the Fii-th of Forth, and is abundant round the 
Hhetlands and Orkneys. 

Sand-Eels and their Allies, — Family Opuidiidac, 

In this rather small family, almost all the members of which are marine, the 
pedvic fins, if developed at all, ai'e rudimentary ; there is no separate anterior dorsal 
or anterior anal, and the caudal is generally confluent with the median fins. In 
form the body is more or less elongate, but it may be either naked or scaled. 
The dorsal fin occupies th(i greater portion of the back ; the rudimentary pelvics 
are jugular in position ; the gill-openings are wide ; and the gill-membranes are not 
attached to tlie isthmus. While some of these fishes are deep-sea forms, otliers are 
littoral. The family may be div ided into five subfamily gi'oups. 

Cave Fish. most remarkable representatives of the first subfamily (in 

which pelvic fins, attached to the pectoral girdle, are always present) 
are two small fishes from the subterranean fresh waters of certain caves in Cuba, 
constituting the genus Lwifuga. They are totally blind, with the eyes rudi- 
mental and covered with skin, or wanting, and always live in perpetual darkness. 
The cave-fish are closely allied to certain small fishes from the Tropical Atlantic 
and Indian Oceans forming the genus Brotuhi, and characterised by the elongate 
body being covered with minute scales, the moderate-sized eyes, the reduction of 
each pelvic fin to a single filament, of which the extremity may be split, the 
villiform teeth, and the presence^ of barbels on the muzzle ; these barb(ds being 
reduced in the cave-fish to small tubercles. With the exception of these cave- 
fish, all the members of this family are marine forms ; and it is very curious that 
among the latter then' are two very rare species, res])octively Constituting the 
genera Typhlorius and Aphyonm, found at great depths in the southern oceans, 
which are also completely blind, and apparently unprovided with any phosphorescent 
organs. , , . 
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Snake-Flslies. 


The typical genus Opltuliiim, constituting, with an allied form, 
the second subfamily, luis the pelvic tins replaced by a pair of barbel- 
like lilamcnts; the ehmgated and conipn^ssed body Ixiing covered with very 
minute scales, while the eyes are medium, and the teeth small. The few species of 
this genus range over the Atlantic and taeilic. In the South American, South 
African, and Australasian seas therti occur three much larger but nearly allied fishes, 
which have been referred to a second genus ((jen on account of the oxiter 
row of t(‘eth in the jaws, as well as those of the single palatine series, containing 
some enlarged tusks. These fish are of considerable commercial importance, and are 
known at tlie Cape as hiipvii^ch, and in New Z(‘aland as Cloudy Bay cod, or ling. 

Some half-score species of very small eel-lik(^ fishes, scientifically 
known as Fienisfer and Ench(iioj>li'h% and inlfabitin 
ranean, Atlantic, and Indo-Pacific, have an 
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the Mediter- 
especial interest on account of their 
curious mode of life. They 
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(From (Tinither, Proc, Zool. Soc.y 1886.) 


constitute a subfamily, readily 
characterised by tlu'. total 
absence of p(‘Ivic fins and by 
the vent being situated at the 
throat; and an*, jiarasitic in 
other marine animals, fre- 
(juenting the hollows in the 
bodies of jelly - fish, the 
breathing-chambers of star- 
fishes and sea-cucumbers, and 
sometimes insinuating them- 
s(‘lves between th(i layers of 
the mantle of pearl -mussels 
or other bivalve molluscs. 
Occasionally they may become 
embedded in the substance of the shell of the ])earl-mussel by the deposition of 
pearly matter over their bodies ; an instance of this peculiar modi^ of preservation 
being shown in the accompanying illustration. 

The third subfamily is represented by the well-known sand-eels or 
launces — of which a British species (A annodytefi tohiaiiiiH) is figured 
in the illustration — so abundant on sandy shores in Eui'opo and Noi*th America, . 
as well as by an allied genus from Madras. While agreeing with the preceding 
group in the want of pelvic fins, they differ in having the vtmt situated far back 
in th(i body ; and are further characterised by the gre^at width of the gill-openings, 
the gill-membranes of opposite sides not being united. The lower jaw exceeds tho, 
upper in length, the doi*sal fin occupies nearly the whole length of the back, and 
the anal is likewise elongated. The figured species, which is by far the commoner 
on the British coasts, generally measures from 5 to 7 inches in length, whereas the 
greater sand-eel {A. lanceohitiLi^) may grow to a foot and a half, {^and-eels feed 
on marine worms and very small fish ; and when buried in the sand are captured 
in some parts of England by raking the sand with a long-pronged rake ; their 
chief use being for bait. They are, however, by no means restricted to this kind 
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of life, fm^uently swimming near the surface in Inrge slioals, when tliey will at 
times suddenly descend to tlu^. bottom, where tliey bury themselves with surpris- 
ing rapidity by the aid of the elongated liorn-likc extremit}^ of the elongated lower 
jaw. During ebb-tide, numbers remain buried at the depth of five or six inches in 
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the sand till the next flood ; and it is then that they are dug out with rakes or 
other implements. When swimming, they are followed by shoals of mackerel 
and porpoisiis. 

The last group of the family is represented by (hnyrodus of the 
conyrodus. coasts, and Haliophw from the Red Sea, both of which 

differ from the siind-eels by the narrower gill-openings, and the union of the two 
gill-membranes beneath the throat. 

The Long-Tails, — Family Maururwa:. 

The fourth family of the symmetrically formed soft-tinned fishes is typically 
represented by the genus Macrurm, as well as by several allied forms. These fish 
are characterised by the body ending in a long, compressed, and tapering tail, covered 
with spiny, keeled, or striated scales, and unprovided with an exj)anded fin. There 
is a separate short first dorsal fin, followed, after a short interval, by a very long 
and low second dorsal, which is composed of very weak rays, and is continued to 
the end of the tail ; the anal occupying a preciscdy similar position on the under 
surface, and the thoracic or jugular pelvic fins consisting of several rays. Dr. 
Gunther writes that “ this family, known a few years ago from a limited number 
of examples, representing a few species only, proves to be one which is distributed 
over all oceans, occurring in considerable variety and great abundance at depths of 
from one hundred and twenty to two thousand six hundred fathom.s. They are, in 
fact, deep-sea gadoids, 'much resembling each other in the general shape of the body, 
but differing in the form of the snout, and in the structure of their scales. About 
forty species are known, many of which attain a length of 3 feet.” 

The Flat-Fishes,— Family Pleuronectid^. 

Distinguished by the unsyinmetrical conformation of the head and anterior 
region of ^the body in the adult, in consequence of which both eyes ax’e brought on 
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to one side of tlie body (in Home caHes the right, and in others tlie left), the flat- 
fishes difler not only from all other members of tlndr class, but likewise from all 
other verttd)rates. The^ bod}" is strongly comprcissed and flattened, with the sid^ 
which is turnt‘d upwards, and on which are situated the e}’es, coloured dark, wliile 
the opposite, or eyeless side is, as a rule, colourless. The bones of the head axe 
unequally devc'Joped and unsymmetrical ; and the dorsal and anal fins .are of great 
hmgth, and undivided, the former often extending forwards so Jis to separate the 
blind from the eyed sidi^ of tlui head. In the most spc^cialised forms the teeth and 
jaws ar(^ more develop(‘d on the lowei- or blind side than on the other, and thert‘ is 
no air-bladder. Dr. Cunningham, who has paid special attention to the stinicture 
of these fishes, writes that “ mere dissection of adult specimens shows that the 
anomalous position of the eyes is due to a distortion of the facial region of tlie 
skull. The cranial region of the skull is but sliglitly altered, but the interorbital 
parts of the two frontal bones are bent away from tlu‘ir original position in the 
doi*sal me<lian line down to th(' side of the head, and they are also compressed into 
a thin plate. But th(i eyes have pretty nearly the same relations to the inter- 
orbital septum as in an ordinary fish. There is one cy(^ on each side of the septum 
as usual. It is, in fact, the curious condition of the dorsal flu in tlu‘ flat-fish, even 
more than the mere distortion of tlie eyes, which makes it so different from the 
ordinary fish. If the fin terminated some distance Indiind the eyes, or if it was 
prolongeil in the direction it ought to follow, that is along the line which divides 
the two frontal bon(\s from one another, it would be plain at a glance which was 
the left side of the head and which the right. It would then be obvious that the 
left eye was still on the left side of the head, and the right eye on the right. But 
th(^ dorsal fin does neither of these things. The external ethmoid bone belonging 
to the blind side is much enlarged, and sends back a proc(‘ss outside^, the eye 
belonging to that side to meet another process from the cranial region of the skull. 
Thus tlie eye which has migrated — the upper (iye when the fish is h(dd in a vertical 
plane — is t‘nclosed in a complete bony orbit, while the lower eye is merely bounded 
on its outer side by the jaw muscles. It is on this bony bridge, entirely foridgn 
to the anatomy of an ordinary fish, that the dorsal fin supports itself in its 
adv^ance towai-ds the snout. Properly speaking, the left side of the face in a 
plaice, for instance, extends from the ventral edge, oi' chin, to the line between 
the eyes, but the doi'sal fin in its anterior extension dividers this side of the face 
into two parts.” 

The pigment-beaidng elements in the coloration of the dark side of flat-fish 
are known as chromatophores ; and while these are absent from the light side, the 
so-called silvery layer is present on both. Young flat-fish, which are generally 
met with in the open sea, are transparent and perfectly symmetrical, with one eye 
on each side of the head, and swim in the vertical plane like ordinary fishes. 
That flat-fishes have originated from symmetrical ancestors is quite evident, their 
individual metamorphosis indicating the manner in which the evolution took 
place. As to the inducing causes of this evolution and metamorphosis, there is still 
some difference of opinion ; and as it is a subject which doiis not come within the 
province of this work, it need not l^e further alluded to. There are, however, certain 
experiments with regard to the fiormal absence of coloration on the under surface 
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ot tliese tiHh winch arc of sufficient interest to merit a brief notice. Knowing, as 
we* do, that among ))lants absence of light leads to the deprivation of colour, it was 
thought highly probable that the same might be tlie case with i-egard to flat-fish, 
moi’C especially since the absence of coloration in the olm among the Amphibians 
is clearly due to th(‘ same cause. To test this, floundoi's were kept in a tank, in 
wdiich, by the help of a mirror, light was so introduci‘d as to give, to the fishes the 
unwonted expei'ience of illumination ascending from below instead of coining 
down from above. The expeiiment was conducted for several months ; some of 
the flounders died, in otluu-s no great effect was produced, but in some cases the 
white surface became inarked ovtu* with pigment, flliis experiment demonstrates 
that the capacity for colorisation existed in th(i skin, but that light was wanted 
to call it into action > and it may also be inferred that the incidence of light must 
in general be the reason why the upper surfaces of animals arc more strongly 
pigmente<l than the lower. Occasionally what are known as ^double flat-fish* 
are met with, that is specimens in whicli both sides are coloured, and one eye 
situated on the edg(j of the luiad ; such monstrosities having been observed in the 
turbot, flounder, plaice, sole, etc. In one turbot the right eye was on the edge of 
the liead, so that the dorsal fin, instead of extending, as usual, to the front of the 
head, was s(‘parated therefrom by a concavity, the right side being coloured like 
the left, although somewhat l(\ss strongly. It has betm thought that these ‘ double- 
fish * swam about in a vertical jiosition, M. Giard stating that he has actually seen 
a turbot so doing. But Dr. Cunningham writes tliat there is “no satisfactory 
evidence at present that the monstrous spcicimtuis, whose metamorphosis is per- 
manently arrested, swim about, in whatever position, any more fre(}uently, or rest 
on the ground less constantly than their normal brethren. I have under observa- 
tion a living double specinum of the plaice; its eye is on the edge of the head, the 
dorsal fin terminates behind the eye, and the posterior three-fourths of the lower 
side are coloured like the upper, the anterior fourth being white. This specimen, 
instead of showing a tendency to continue swimming in the watei*, cannot even be 
induced to leave the bottom long enough to enable me to see whether it holds 
itself perfectly horizontal or not. I have never seen it leave the bottom of its 
own accord; it lies always buried in the sand up to its eyes, and, when disturbed, 
makes violent struggles to bury itself again.'* 

. When lying on the sandy lx)ttom of the sea — and they prefer sandy to muddj' 
situations — flat-fisli ujv almost indistinguishable from their inanimate surroundings, 
the spots with which the bodies of many of them ai*e marked hai'inonising exactly 
with the bright-coloured pebbles strewing the sand. This resemblance is, perhaps, 
carried to the fullest extent in the flounder, as anyone who visits a large aquarium 
may ascertain for himself. Occasionally rising to the surface, they swim witli an 
undulating lateral movement of the body, which is decidedly graceful ; and they 
are found in sliallow water, or at moderate deptlis. They arc inhabitants of all 
seas, except those of the polar regions, and whore the coast is precipitous and 
rocky; and although more numerous in the tropics, they attain their greatest 
development in point of size in the temperate regions. Many species, such as 
flounders, ascend rivers to a considerable distance; and a few have become 
accustomed to a fresh-water existence. As regards food, the whole of the species 
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are exclusively carnivorous. In a' fossil state the flat-lish are but poorly repre- 
sented, and it is probable that they were not evolved till the commencement* of 
the Tertiary period; the earliest known form being a turbot from the middle^ 
Eocene of Monte Bolca, while a fossil sole lias been described from the Miocene of 
Wlii’tomberg. As a food-supply the flat-lish are of especial value, not only on 
account of the lai’ge hv/a), and abundance of their numerous representatives, but 
likewise from the excellent quality and flavour of the flesh of the majority of 
these. It is on the coasts of the temperate n^gions of tlie Northern Hemisphere 
that the pursuit of these fish is carried out with tlie greatest taiergy and success. 

Tlie least specialised member of the family evamei), 

which ranges from the R.e<l Sea througli the Indian ( )cean to China, 
and also occurs on the AVest Coast of Africa, belongs to a gi*oup in w Inch the teeth 
and jaws are nearly e([ually developed on both sides, and is specially distinguished 
by the dorsal fin commencing on the nape of the neck, wlunvas in all the other forms 
it starts from above or in fi'ont of the eyes. In the Indian fish, which attains a 
length of about IG inches, the eyes are as frequently on the right as on the Jeft 
side, and the transposed om^ is situated nearly in the line of the dorsal fin. This 
species is a connecting link between the other members of the family and ordinary 
fishes, and is reported to swim at times in a vertical position. 

Having the jaws nearly equally <leveloped on both sides, and the 
dorsal fin commencing above the <^yes, the holibut (Hipj^offlossas 
vtdgarifi) is one of two species forming a genus charactcadsed by the eyes being on 
the right side, and the teeth of the upper jaw arranged in a double series, thos^j in 
the front of the upper and on the sides of the lower jaw being enlarged. The 
mouth is relativ(dy wide. In colour the holibut is dusky brown, freqmuitly 
inclining to olive, on the dark side ; the opposites side being white and smooth. It 
is the largest member of the family, ranging usually from S to G fot^t in length ; 
one specimen with the latter length having a breadth of 30 inches, and a weight of 
IGl lbs. It is stated, however, that an example taken in the early part of this 
•century off the Isle of Man was nearly double that weight. Holibut are found 
near all the northern coasts of Europe, as well as those of Kamschatka and Cali- 
fornia, generally frequenting banks at some distance from the shore, in water of 
from fifty to one hundred fathoms in depth, where they often associate in consider- 
able numbers. The flesh is coarse, and of inferior flavour. This fish is shown in 
the upper figure of the coloured Plate. 

Turbot etc genus typically represented by the turbot (Rhmnhm 

KYidximuH) the dorsal fin commences on tlie muzzle in advance of the 
eyes ; the eyes arc on the left side ; the mouth is wide ; and the jaws are furnished 
with a single series of equal-sized villiforrn teeth, while there are also teeth on the 
vomer. Scales are either very small or wanting. The genus includes seven species, 
ranging over the North Atlantic and Mediterranean, but those on the two sides of 
ilie Atlantic are different. The turbot, which attains a yard in length, and is by 
far the best food-fish of its tribe, is exclusively European, and has the pelvic fins 
distinct from the anal, and no scales ; the general colour being greyish or brownish, 
sometimes spotted with a darker tint. On the other hand the brill (Rh. Icevis), 
which is likewise European, is a smaller fish, of more oval shape, with the body 
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and all the head, except the covered witli minute scales ; its colour bein^ 

greyish brown, with reddish brown spots. Turbot commonly weigh from 5 to 
li) lbs., and occasionally reach 20 or even 30, while considerably greater weights 
have been recorded. Another British repi'esentative of the genus is the Mary-sole 
{Rh. aquosus)^ which may hii distinguished by its ciliated scab's; while a fourth, 
known as Block’s top-knot /(,<?), di tiers from all the foregoing by having 

the pelvic tins conHiu'nt with th(i anal. The true top-knot {Fhry noy^homhus 
uninuicnlatus), which is a small Ibi'm not uncommon on the southern coasts of 
England, and abundant in the Mediterranean, is nderred to a distinct genus on 
account of tlu* absence of voimn-ine totdb. A turbot is shown in the central figure 
of the coloured Plate. 

Plaice and Tljie plaice and llounder {PL of 

Flounder. which examples arc* shown in the right lower cormu* of the coloured 
Plate, arc examples of a genus j)ertaining to a group characterised by the narrow- 
nciss of th(i cUd't of tin; mouth, and by the jaws and teeth being much more developed 
on the light than on the dark side. Unlike the turbot and its allies, where the 
U})pt'r is somewhat b(‘hind the lower, the two eyes are in the same transverse line, 
and generally situat(‘d on the right side. The dorsal fin commences above the 
eyes; the scales are minute or wanting; and there are no teeth on the palate, 
while those in the jaws are of medium size, and may be arranged in either a double 
or a single row. The genus, which is common to the Northern, Temperate, and 
Arctic seas of both hemispheres, contains over a score of species, whicli may be 
divided into groups according to the form of the teeth, the number of rays in the 
<k)rsal fin, and the conformation of the lateral line. The plaice, which ranges from 
the French coasts to Iceland, and is ri'pre.sented by an allied form on the opposite 
side of the Atlantic, bedongs to a group with compressed, lanceolate, or truncate 
teeth, and no fewer than ninety dorsal rays; it has the brownish upper surface 
inark(Hl with bright ^adlow spots. This species is exclusively marine, but the 
flounder is almost as much a fivsh-water as a sea fish, ascending rivers to a con- 
siderable distance. Distinguished from the plaice by the dark mottlings on the 
brownish or brownish yellow skin of the upper surface, it beloiigs to a group in 
which' the teeth are conical; tin* lateral line being very slightly curved in front, 
and the scales minute. Its distribution is practically the same as that of the 
plaice, and it is represented by an allied species in the Mediterranean. 

Ill the plaice and its allies the pectoral fins are always well 
developed, but in the group to which the common sole (Solea vulgaris) 
belongs these may be wanting, while the upper eye is always somewhat in advance 
of the lower one, both being on the right side. As a genus the numerous species 
of soles (somewhere about forty in numbej*) are characterised by the median fins 
being sepai-ate from one another, and the ctenoid scales ; the dorsal fin commencing 
on the muzzle, and the lateral line being straight. The cleft of the mouth is very 
narrow, and twisted round to the left, or blind side ; and it is on this side only that 
villiform te.eth are developed in the jaws, the palate being toothless. With the 
exception of the lower south temperate zone, soles are distributed o\ er all temperate 
and tropical coasts in localities suited to their habits ; many of the species entering, 
or even dwelling permanently in fresh waters. The common sole, which is found 
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on the eoHHts of the greater part of Europe, has both pectoral fins well developed^ 
and the nostrils of tlie }>lind side very narrow; tlie general colour being dark 
brown, with tlie tips of the pectoral fins blackish. Large specimens may weigh as 
much as 5 or (> lbs., and a fish of 9 lbs. in weight is on record. Soles are taken by 
trawling: the lK*st ground in England being along the south coast from Dover to 
Devonshii(‘. The lemon-sohi {A. auraiitum(\ which is a more soathern form, 
ranging from the south of England to Portugal, and living in deciper water, is one 
of a grou]) characterised by one of the nostrils of the blind sidci being dilated and 
suiTOun<l(‘d with a fringe of papilhe. It is smaller and wider than the common 
specie's, an<l orange or light brown in colour, dotted ovi*r with numerous small 
brown spots. Other British sp(‘cies are tlie banded sole varhyifta) and the 
dwarf sole ininvta), both belonging to a group characterised by the small size 
of the jieetoral fins. The Mediterranean sole (S. ^ncmochir) is peculiar in lacking 
a pectoral fin on the blind side ; whil(‘ the Japanese sole (X jajxnrira) is one of two 
species in which both these fins are absent. 1’he common species is shown in the 
left lower corner of the coloured Plate. 

On account of the rudimentary condition of their eyes we must 
Blind Soles. . , , . , 

not omit mention of the blind soles, which are divided into two 

genera, the om^ (SoUoialjxf ) characterise<l by the separation of the median fins, 
which are confluent in the other {A]>loync1dhyH)\ pectoral fins being wanting in 
both. Each genus is represented only by a single species; HoleoiaJ'pn coming from 
the West Tndiiss, while tlu* habitat of the oth(‘r species appears to be unknown. 

Tun Txnm-BLADDEiiEi) Fishes, — S ulxirder Physostomi. 

It has been already stated on p. 834 that the whole of the four preceding sub- 
ordinal groups of the bony fishes are regardcMl by Professor Cope as constituting 
but a single suborder (Physoclysti) characterise<l by the absence* of a duct to the 
air-bladder, the separation of the parietal bones of the skull l\y the supraoccipital, 
and by the pelvic fins being Uvsually thoracic or jugular in y^osition. The group to 
Mdiich we now come, including the whole of the remaining reipresentatives of the 
existing bony fishes, differs from the above in that the air-bla<hler, when present, 
has a duct communicating with the stomach or cesophagus, while the pelvic fin$ 
are always abdominal in position, and the paiietal bones are usually in contact ' 
with each other. Witli regard to the constancy and importance of these characters 
of the present suborder, Professor Cope writes that the presence of the duct from 
the air-bladder which characterises it, “ is always associated with an abdominis, 
position of the })elvic fins and cycloid scales, and mostly with the presence of 
precoracoid arch, the entrance of the maxillary bone into the border of the moutliirl 
and the non-separation of the pai’ietal bones by the supraoccipital. Yet none d^/ 
these charactei’S are precisely associated at the 2 )oint of change in each, for thdr^ 'i 
are Physostomous fishes with separated parietal s and ctenoid scales (some Cyprin^^ 
dontida^y and there are Physoclysti with abdominal pelvic fins.” In the preii^fc 
suborder, with the exception of the first in the dorsal and pectorals, which mfi^ bei 
ossified into spines, all the fin-rays are soft and jointed. Very different vie^S 
obtoin as to the best mode of arranging the families constituting the suborder, 
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a final clasKsification is still a desideratum. By Professor C\>p(* tli(» fainilies liav (3 
beoh arrango(l in a number of sectional gi-oups, mainly distinguislnHl by tin* structure 
t)^tlie skeleton; and a modification of this ari’angeincmt is adopted hei\‘, although 
fewer groups are i'(*cognised. It is, liowever, impossible to entei* here into the 
consideration of tlu» osteologieal feaUm^s by which these sc‘ctions are distinguished, 
and we are accordingly comptdled to ndy mainly on ext(‘rnal characters 

1'iiE Eels axi) tueik Allies, — F amili(‘s d//7A7;A7/>-A\ 
t^yMnJLiKi^liULE, and (rYMNOTIlLE. 

The whole of the memb(‘rs of these thi*ee famili(‘s are characterised by the 
olongat(‘d, “ eeldiki' ”*foi*m of tin* body, but it is ([uib' probabh‘ that this external 
similai’ity is due to paralhOism in d(‘V(4opment, and tliat the three famili(»s liave 
been indepimdiuitlj^ dt‘rived from \(ay <liffer(ait typ(‘S of more normally formed 
tishes. The first family, which inclmles the true etds, mura*nas, an<l congers, is 
chai:aeteris(Ml by the normal structure' of the uppe^r jaw, which is form(‘d in front 
by the ju'emaxilla* (more or l(‘ss confluent with the' vomer and ethmoid) and 
laterally by the toothed maxilla'. The median fins, wlaai pre'semt, are' euther 
confluent en* se*parateel by the proje'cting tail : the‘ pe'ctorals may or may not be' 
ele'velojied ; but the' p<‘l\ic jiair is iiwariably wanting. There are no accessory 
lireathing-eirgans : the' stomach has a blind appeaidage' ; the vent is genei’ally 
situateel far back, but may be' ne'ar the' pectoral fins , anel the ov’arie's liave no 
elucts. Externally the* skin may be eitlmr ce)m])le*t('ly nake'd, or may contain 
rudime'ntal scales. In the* ske'letem the* pe'cteiral arch is unconnected with tlm 
skull, anel attached to erne* of the e'arlie'r ve'rte'brie. Eels are' femnd in the fre*sh 
waters and sc'as eif the* gre'ater ])art eif the te'mpe']*att' and treipical ivgiems ; some' 
livdhg at abyssal ele])ths in the ocean The* yemng eif seime forms art* pe'lagic fen' 
a portion of their e'xistence' ; and it is believed that a large number e)f the so- 
called lje'ptoce])hali (s(*<' ]) cS22), or glass-eels, ai-e* abneu’mal laiwa* eif this family. 
Geologically the* family is a ceimparative'ly ancient erne*, true* eels having been 
eliscov^ereel in the* Ghalk of the* Lebanon, as well as in the Tertiaries of Europe. 
Congers re'fe'i-re'd tei the* e'vistiiig genus Oplt irhthj/s have* be*en describe'el from the* 
midelle Eocene of Monte* Beilca, anel there is also an <*xtinct genius from the latte*!* 
deposits, and a seconel from the Lonelon (lay. 

The mura'iias are* large marine eeds, remarkable* feu* the'ir briglit 
spotted or mottle'el coloration, and taking their name from the species 
figure'd (Mannut heJena')^ which was so called by the ancient Romans. 
3^1onging to a small section of the family eharacterist'd by the gill-ope'iiings into 
pharynx be'ing in the* form of nari'ow slits, they are* specially distinguished by 
median fins being we'll elevedoped, and the teital absence of pectorals. The 
»fein is scaleless; the mouth is well furnished with te't'th; and there are two 
nostrils on each side of the niuzzli*, the* front pair being tubular, while* the hinder 
on^ ^inay be either tube-like or mere' flat openings. The murauias, of which there 
are more than eighty species, are distributee! ov(‘r all tropical anel b'lnperate seas, 
and* a few ascend tidal rivers. The majority of them are armeel with formidable 
teeth — which frequently alter considerably with age — adapted for seizing the iish 
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on which they feed. “ Large Hpecimens thus armed/’ writes Dr. Glinther, “ readily 
attack persons in and out of the water; and as some species attain a length of 
G or 8 feet, they are justl}" feared by fishermen. The minoi’ity of species have 
obtuse and molar-like teeth, their food consisting chiefly of crustaceans and other 
hard-shollod animals. Most of tlie murajnas are beautifully coloured and spotted, 
some in a regular and constant manner, whilst in others tht^ pattern varies in a 
most irregular fashion; tiny have quite the appearance of snakes.” The figured 
species, which ratiges from the Mediterranean to the* Indian Ocean and Australia, 
has the grouml-colour a i*ich brown, upon which are larg(‘ yellowish spots, each 
(lotted witli smaller spots of brown. The finless inunenas {Gtjiiivomurceiia), of 
which half a dozen species ha\^e been described from the Indian and Pacific Oceans, 
differ in the reduction of the fins to a rudiment near the end of the tail. 
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True Eels. typical eels, familiar to all in the form of the common 

European species (Anguilla vulgaris), agree with the great majority 
of the family in having tlu‘ gill-openings into the pharynx as wide slits. The 
skin contains small scales embedded in its substance; the upper jaw does not 
project beyond the lower ; the small teeth are arranged in bands ; the narrow 
external gill-openings are situated at the base of the well-developed pectoral fins, 
and the dorsal fin commences at a considerable distance behind the back of the 
head. Eels, of which there art^ numerous species, appear to be distributed throughout 
the fresh wat(»r.s of the habitable portions of the globe, being reputed to be absent 
onlj" from those of the Arctic regions, and probably also from cold elevated 
districts like Turkestan and Tibet. The common European eel is spread over 
the greater part of Europe and the Mediterranean area— although unknown in the 
Danube and reappears in the United States. The so-called grig, or glat-eel, 
characterised by its lighter colour, broader head, and snout, and the morg backward 
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position of the front of the dorsal fin, has been generally regarded as a distinct 
species, although this is not admitted by Day. About a yard is a good size for an 
e^d, although much longer specimens are on record. Few subjects have given rise 
to more discussion than the mode of propagation of eels, and as thivS must be 
noticed in some detail, we take the following extracts from a paper published a 
few years ago by the last-named observer. After mentioning the difficulties that 
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took place in the identification of female eels, the author states that when this 
point was cleared up, naturalists became rather puzzled wliere to look for the 
male element, so the idea took root that these fishes might be hermaphrodites. 
It was observed that in addition to the frill-shaped band forming the undoubted 
ovaries, therp was a second fatty band running along one side of the intestines, 
in which milt was erroneously stated to have been discovered. In 1873, however, 
an’ organ was discovered in an eel of 16 indices in length, w'hich was correctly 
identified with the male element, since which date numerous males, which are 
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jjenerally of smaller size than the females, have been recognised. ‘‘ For the 
generation of eels it would seem, so far as we are at present aware, that the 
presence of salt water is a necessity, for it lias been observed that vvlieii these fisji 
leave rivers and brackish waters for the sea, their reproductive oigans have 
scarcely begun to develop. But their maturing in the sea must be rapid, because 
in five or six weeks they have arrived at a breeding condition. This rapidity of 
maturing in the breeding-organs wouhl seem to be the cause of extnnne exhaustion. 
Consequently, after the bret‘( ling-season is over, eels die, similarly to lampi’eys and 
several other piscine forms ; and this furnishes the explanation why, subsequent 
to this period, old eels are not o})served reascendii\g rivers.'’ After describing the 
appearances of the reproductive organs in fully-developed eels of both sexes, as well 
as those of sterile individuals, Day observes that ‘‘it b(‘Comes necessary to allude 
to the localities in which each of tliese forms may be found. Hei-e, again, 
imagination seems to hav(‘ mixed up fact with fiction, and it has been maintained 
that should very young e(‘ls be introduced fimn the mouths of rivers into inland 
pieces of water, they invariably develop into fish of the female sex, as it was 
supposed males were never to l)e seen in fresh watiu*. Wliether such waters are 
really conducive to the destruction of young male etds, appears to b(‘ a subject 
1‘equiring further elucidation. Tlie female eels are those usually cai)tured when 
descending towards the mouths of i*ivers during the autumn months, while such 
as are developing towards a breeding condition do not seem to feed at these 
])eriods. Males have hetui usually obtained from tlu^ mouths of rivers or in 
brackish waters; and Dr. Paul, having discovered that among elvers, or young 
eels, captured in such localities were males, ascertained (at least so he asserts) tliat 
when transported to fresh watt'rs, they retained their masculine character,’ develop- 
ing into adults. Some have been captured ten or twelve miles up rivers ; but, 
although male eels undoubtedly ascend rivers, their proportionate number to that 
of females decreases in accordance to the distance from the sea. Sterile eels are 
found in fresh waters, and likewise in those which are brackish, wliiu-e they may 
often be captured feeding, but these hsh, of course, cannot increase in numbers 
unless they have access to the sea, and consequently above impassable barriers 
they die out, should no young be introduced. The migrations of these fishes may 
be said to be two annually, adults descending seawards to breed, as they do in the 
Severn, about the month of September, although this migration in Norfolk is 
asserted to begin as early as July. There is likewise an up-stream migration of 
young eels, or elvers, in the earlier months of the year up to May or June, or even 
later; during this period the banks of the rivers being in places black with these 
migrating little fishes. These young eels have been observed to ascend floodgates 
of lochs, to creep up water-pipes or drains ; in short, mechanical difficulties scarcely 
obstruct them, and they will even make a circuit over a wet piece of ground in 
order to attain a desirable spot.” In order to give some idea of the vast numbers 
of young eels that take part in these migrations, or, as they are popularly called 
“ eel-fares ” it may be mentioned that upwards of three tons of elvers were dis- 
])atched in a single day from the Gloucester district in the spring of 1886 , and 
that it has been calculated that over fourteen thousand of these fish go to make a 
pound weight. In the previous year the annual consumption of eels was estimated 
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at a minimum 1G50 tons, witli a total value of £180,000. It is almost superfluous 
to 'mention that eels pass the greater portion of their time when in freshwater 
Ijpried in the mud, from which th(‘y issue forth at night to feed. During the cold 
of winter large masses of them are not unfreciuently found tightly coiled together 
for the sake of mutual warmth. The largest species occur in tlie islands of th(^ 
South Pacitio and New Z(‘a] and, where tliey inhabit lakes; specimens from these 
regions having been recorded to measure from 8 to 10 feet in length. 

0 fjii gM 4 K(JS(iiribUng the true eels in the presence of pectoral fins, in the 

tail b(‘ing sinTOunded by the median fin, and the free tongue, the 
gigantic ‘marine forms known as congers difler in being scaleless, in the de(jp cleft 
of the mouth, in the presences of a S(‘t of teeth on the outer sides of the jaw placed 
so close to one another as to form a cutting edge, and by tlu^ dorsal fin commencing 
at a point just behind the base of the pectorals. The common conger {CoiKjev 
vidfjirrLs)^ which may grow to a length of 8 feet, appears to be almost cosmo- 
politan in distribution, being as abundant in tlie seas of Tasmania as it is in 
British waters. Congers feed chiefly by night, and prey upon crustaceans, cuttles, 
and various kinds of fish, such as pilchards and herrings. Their favourite resorts 
are either liollows or crevices in the rocks, or sandy bottoms, in which they can 
bury themselves ; and in such situations they are sometimes left by th(^ ebbing 
tide. The flesh of these eels is of a highly gelatinous natui'c, and is said to be 
larg(‘Iy employed in soups. Three otluir species of the genus are known, one of 
wliich is abundant in the Indian Ocean. 


Among the numerous other generic modifications of the family^ 

we select for notice the serpent-eels {OphiclUhys) as an example of a 

group in* which tlie extremity of the tail is fr(H', tluj nostrils are situated at the 

extiHuuity of tluj muzzle, and the tongue is fixed. Teeth are present on the 

vomers, those in the j'aws being either obtuse, or pointed and arranged in a single 

series ; and whei’cas small pectoi’al fins are present in some species, in others they 

are wanting. Serpent-eels are represented by a great number of species, ranging 

over all tropical and subtrojhcal seas, but none attaining any large size. The 

difi'eronco in the structuni of the teeth of the various species may ])robably be 

taken as indicative of a difference in the nature of the food similar to that already 

recorded as obtaining among the muramas. 

^ ^ , Only a f(‘W words can be devoted to the deep-sea members of 

Deep-Ssa Eels, , ^ 

the family, which are represented by several genera. Among these 

ai’e certain congers {^y aaphohranchvH) occurring in all oceans at depths of from 

three hundred and forty to two thousand fathoms, and characterised by tlie gill- 

openings being united into a single longitudinal slit on the under surface of the 

body between the ])ectoral fins ; the gape being very wide, the teeth small, and the 

body scaled. In these forms the muscular system is well developed ; but in another 

genus (S(fccopJiary^ix) it is extremely feeble, except on the head, and the bones 

are soft and spongy. The head and gape are of immense size ; the muzzle is short 


Deep-Sea Eels. 


and flexible ^ the weak jaws are armed with long, slender, curved teeth, placed at 
intervals ; and the gill-openings are wide and situated on the lower part of the 
sid'es at some distance from the ht^ad, the narrow gills being free and exposed. 
The long and band-like tail ends in a long tapering filament, and the dorsal and 
VOL. V. — 29 ’ 
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anal fins are rudimental. As in the last ^enus, the stomach is capable of great 
distention, and specimens which had swallowed fish cl* many times their own 
weight have been found floating in the Atlantic with this organ dilated to its 
utmost. In a third type {Neinichfhi/s), from depths betwet'u five hundred and two 
thousand fathoms in the Atlantic, the exceedingly elongate body is band-shaped, 
with the tail tapering to a point, and the jaws produced into a long slender beak. 

It has been already noticed that in one of the deep-sea eels the 
gill-openings are confluent into a longitudinal slit on the under 
surface of the body ; and a very similar condition characterises the second family 
{Symhranchid(v) of eels, only in this case the slit is transverse. A better dis- 
tinction is, however, afforded by the structure of the upper jaw, the margiti of 
which in the present family is formed entirtdy by the premaxilla\ on the inner 
side of which lie the maxillae The paired fins are rudimental, and the vertical 
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ones wanting; while the scales, if present, are minute'; and accessory breathing- 
organs may be dev(iloped. An air-bladder is wanting, the stomach has no blind 
appendages, and the ovaries are furnished with ducts ; the vent being situated far 
behind the, head. Whereas the majority of these eels inliabit fresh and brackish 
waters in tropical Asia and America, they are also rej^resented in Australia, when^ 
one genus is marine. Of the fresh-water forms, the most remarkable is the 
amphibious eel {Aw/pkipnons eurhia) of Bengal, in which there is an accessory 
breathing-apparatus, the body is scaled, and flie pectoral girdle is detached from the 
skull. There are only three gill-arches with. ]*udimentary laminaj, sepai*ated from 
one another by narrow slits ; and the additional br(*athing-organ takes the form of 
a lung-like sac on each side of the neck communicating with the gill-chamber. 
Bay states that this amphibious fish, when kc})t in an aqu^t^tn, may be 
observed constantly rising to the surface for the purpose of respirihg atmospheric 
air direct. It usually remains with the snout close to the surfa^^je, and in like 
manner lies in the grassy sides of ponds and stagnant pieces of ^ater, so that 
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-without trouble it may obtain access to air.” Indeed, the chief respii'ation of 
this fivsh is carried on by means of the two sacs on the sides of the neck, which 
•oan be inflated and emptied at will. In the other two fresh-water genera, one of 
which {MonoptcrtiH) is confined to the Oriental region, while the other (Symhran^ 
ehufi) has a distribution coextensive with that of the family, there is no additional 
breathing-oigan, the body is naked, and the pectoral girdle is attached to the 
skull. Whereas in the former of these genera the gills arc rudiincntal, in the 
latter they are well <leveloped ; and, in the absence of an accessory apparatus, it 
seems strange how the one species with rudirnental gills manages to breath at 
all. The Bengal short-tailed eel (Bymhranrhuff hengale/nftis) has been selected to 
illustrate the external form of the members of this very remarkable family. 



ELKCTIIIC BEL (J nat. s\zo). 

Together with four other genera from the fresh waters of Tropical 
America, th(i well-known electric eel {GymnotuH elecfvicuH) constitutes 
the third and last family of thc^ gimip under consideration, the leading charac- 
teristics of which are as follows. The jaws are formed in the same manner as in 
the true eels, and the head is scaleless and without barbels. The dorsal fin is 
cither totally wanting, or reduced to a fatty rudiment; the anal is extremely 
elongated ; pel vies are wanting ; and the caudal is likewise generally absent, the 
tail terminating in a point, which, when broken off’, can be remnved in the same 
manner as in the blind-worms. The vent is situated in or near the throat ; the 
gill-openings arc rather narrow; an air-bladder is present; the stomach has a 
blind appeli4^g<^ > ovaries are provkhid with ducts. In the skeleton the 

pectoral girdle is attached to the skull. By Professor Cope the typical genus is 
-considered to he to a certain extent intermediate between the last family and the 
-eel-like ijDpresen^tives of the cat-fishes. 
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As a genus, the electric eel is characterised by the absence of the caudal and 
dorsal fins, by the anal extending to the extremity of the tail, the absence of scales, 
the single series of conical teeth, and the minute eyes. Abundant in the rivers 
and lagoons of c(*rtain parts of Brazil and the Guianas, the electric eel grows to a 
length of fully 0 fe(‘t, and is capable of giving a more powerful shock than any of 
the other fishes endued with electric power. It will be unnecessary* to give any 
description of the electric organs here ; and it will accordingly suffice to mention 
that tliey form two pairs of longitudinal structuri‘s lying betweem the skin and the 
muscles; ont^ pair being situated on the back of the tail, and the other along the 
sides of the base of the anal fin. That these organs are capable of giving shocks 
sufficit^nt to kill other fish and small mammals is undoubted ; but 13r. Gunther 
considt‘rs that the description by Tlumboldt of the capture of electric eels by horses 
driven into water, in order to i*ec(iive the shocks and thus exhaust the fishes, seems 
to be the result of the imagination of some person who related the supposed 
incident, or to rest on some isolated incidemt, since no recent travellers to the 
district have found evidence of the existence of the practice. 

SECTION NEMATOGNATHI. 

The Cat-Fishes or Sheath-Fishes, — Family ^iluriiue, 

Althougli represented only by a single European species, and that confined to 
the rivers to the eastward of the Rhine, the great family of cat-fislK‘S is one of 
extreme importance in tropical and subtropical countries, its meuibers being extremely 
abundant in the fresh waters and estuaries of the Oriental region, as tliey are in 
those of South America. An essential characteristic of the family is the invari- 
able absence of scales, the skin being either smooth or cov(u*ed with bony tubercles 
or plates; and this character, together with the presence of the barbels from which 
they derive their popular title, will always serve to distinguisli the cat-fishes from 
the other great fresh-water family of the cai'ps. In the skull an essential feature is 
the absence of a subopercular element to the gill-cover ; while the margin of the 
upper jaw is formed mainly by the premaxillm, the maxilhe binng more or less 
rudimental. A rayed dorsal fin may be absent, but the fatty dorsal is g(uierally 
present; and when an air-bladder is developed, it may be either free in the 
abdominal cavity or enclosed in bone, but always communicates with the ear by 
the intervention of the auditoiy ossicles, which are somewhat lenticular in form. 
The skull is characterised by the full ossification of its lateral region, the septum 
between the eyes being also bony ; and in many instances the skull is prolonged 
backwards by the development of a kind of bony helmet over the nape of the 
neck, formed by dermal ossifications overlying some of the bones of the pectoral 
girdle. Frequently this shield, as well as the hinder bones of the skull, are 
ornamented with a tuberculated sculpture. Many of these fishes have also a 
powerful spine at the front of the dorsal fin, which can be locked into a fixed, erect 
position by a rudimental spine acting as a kind of bolt at its base, g,nd is itself 
articulated to the vertmibrse, and also joined by a ring to a second spine, in a manner 
similar to that obtaining in the angler-fish. To support this spine certain special 
modifications exist in the structure of the pectoral girdle. Some of the genera, 
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such as the one represented by the eel-like cat-fish, have additional breathing- 
organs ; in this particular instance taking the form of a branched structure attached 
to the gills. On the other hand, in the sac-gilled cat-fishes {Saccohranchns), there 
is a long sac running down the muscles of the back behind the proper gill-chamber. 
Through this breathing-sac blood is carried from and retuimed directly to the 
heart; and ill consequence of this arrangement these fishes can remain alive for 
hours or even days apart from water, so that they are able to traverse spaces 
where aquatic respiration is impracticable. Among the Indian representatives of the 
family it is somewhat curious that whereas most of the forms dwelling far in the 
interior of the country near and in the hills have the air-bladder ossified, this is 
not the case with those inhabiting the rivers of the plains and the sea. The 
majority of the cat-fishes are inhabitants of the fresh waters and estuaries of the 
tropical and subtropical regions of the globe ; but, as W(i have seen, one species is 
found in those of Eastern Europe, while a considerable number enter the sea, 
although generally keeping near the coasts. They are found not only in rivers, 
but* likewise in lagoons and marshes. Day writes that “they mostly prefer muddy 
to clear water, and the more developed tlie barbels the more these fishes appear to 
be adapted for an inland or muddy fresh-water residence. The wider and deeper 
the rivers, the more suited they are for the i^ilaruUv, consequently the larger forms 
a]‘e. comparatively rare in tlie south of India, whilst they abound in the Indus, 
Jumna, and Ganges, as also in the Irawadi and other Burmese rivers.” It may be 
added that tliey are equally common in th(i muddy waters of the La Plata River. 
“ Owing to their usual resort,” continues the same writer, “ these fishes appear to 
employ their feelers in moving about in muddy places, and conseciuently have less 
use for their (‘y(‘s than forms that i‘esi<le in clear pieces of water. This is one 
reason why tlie siz(i of the eye as comiDared with the length of the head is much 
greater in the young than in tlu^ adult. The eye, in fact, atrophies, instead of 
increasing in size in proportion with the remainder of the head. In some species 
the skin of the head passes oA^er tlie t‘ye without any trace of a free orbital margin. 
In the genus A/’/a.s, and some allied mai’ine forms, tlu^ males appear to carry their 
ova in their mouths, perhaps until the young are jii’oduced. Many of these fishes 
are credited with causing poisonous wounds, and we frequently find such cases 
admitted into hospitals. The injuries may l)e divided into two classes, namely, those 
in which the Avounds are of a distinctly venomous description, and those in lyhich 
the jagged spines occasion intense inflammation, often of a dangerous cliaracter.” 
The flesh of the cat-fishes is of an inferior ijuality, and generally eaten only by the 
lower classes. All the members of the family are veiy tenacious of life, and 
extremely difiicult to kill. Geologically cat-fishes date from the lower Eocene 
London Clay, where they are represented by the extinct Biicklavdiinii, apparently 
allied to an existing African genus; while in the higher Eocene of the south of 
England there occur species referred to the existing genus Ariits. An extinct 
genus has also been described from the Eocene of North America; and in the 
Eocene of Sumatra, as Avell as in the Pliocene of India, the fossil forms belong to 
existing genera, and some of those from the latter deposits even to species still 
inhabiting the same country. Numerically the cat-fishes form an exceedingly 
large famjly, the existing types constituting considerably over a hundred genera, 
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many of which contain a multitude of species. In this work only a very few 
of the genera can ho even mentioned, some of those selected including the largest 
members of the family. 

Clarlas anguillaris is a well-known representative of the first 
subfamily, in which the long dorsal and anal fins extend nearly 
througliout the length of the trunk. It belongs to a minor group confined to 
Africa and the Oriental region, and characterised by the doj\sal fin being either 
composed of W(^ak rays throughout its length, or with its hinder portion modified 
into a fatty fin. 

The wels {Silarufi ghmis), sliown in the larger figure of the 
illustration on p. 43(), is the typical representative of the second 
subfainily, in which the rayed dorsal fin is but little devtdoped, and if present at 
all occupies only tlie liinder region of the trunk ; the fatty portion being small or 
wanting. The anal fin is not much shorter than the caudal region of the backbone, 
and the pelvic fins are behind or below the dorsal. In tlie wels and its congem^rs the 
short dorsal has no pungent spine ; the fatty fin is \vanting ; there are two upper and 
two or four lower barbels ; the head and body are naked ; and the tail-fin is rounded. 
The wels itself, wliich is confined to ‘th(‘ European rivers eastwards of the Rhine, 
has six barbels, of which the upper pair are considerably longer than the head, and 
commonly attains a length of from 6 to 9 feet, although it occasionally grows to 
13 feet. In colour the head, back, and edges of the fins are bluish black, the sides 
greenish black spotted with olive-green, and the unde)’-parts reddish or yellowish 
white with blackish marblings. Frequenting rivers and lakes with muddy 
bottoms, the wels feed on fishes, frogs, and crustaceans, but it will also seize and 
pull down ducks, geese, or other birds swimming on the surface. Tluj spawning- 
time is in the middle of summer, when these fish resort to the shallows in order 
to deposit their eggs on the steins and leaves of water-plants. 

YarreU’sCat- Another gigantic species is Yarrell’s cat-fish {Jiagarhis yarrelU\ 
Fiflh, etc. from the large rivers and estuaries of India and Java, which attains 
a length of fully 6 feet, and from its huge head and mouth is one of the ugliest 
fishes in existence. The only member of its genus, it belongs to a subfamily in 
which the i*aycd dorsal fin is short, and situate<l in the hind<n* part of the body in 
advance of the pelvies ; and there is always a fatty fin, which may, however, bo 
short; and the anal is shorter than the caudal region of the backbone. When 
nasal barbels are developed, th<iy belong to the hinder nostrils. In the group of 
genera to wliich Yarrell’s cat-fish belongs the front and hinder nostrils are placed 
near together, with a barbel between them ; and in this particular form there are 
eight barbels, and the upper surface of the head is naked. This gigantic species is 
of especial interest on account of its fossilised remains occurring in the Pliocene 
deposits of the Siwalik Hills in North-Eastern India. 

The well-known genus Arim, from all the tropical regions of the world, 
belongs to another group of the same subfamily, in which the front and hinder 
nostrils are close together, but have no barbel, although the hinder-pair are provided 
with a valve. The Tropical American genus Fimelodus is the typical representa- 
tive of a third group of the same subfamily, in whicli the two pairs of nostrils are 
equally devoid of barbels, but are placed at a considerable distance apart. The 
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largest species is the leopard cat-fish, or suravi (P. 'p^iti)y from the rivers of 
Argentina and XJrngiiay, growing to a length of 6 or 7 feet, and having the 
jicllowish skin marked witli a number of black spots, like a hunting-leopard. 
Somewhat curiouslj", this genus is represented by two outlying species from West 
Africa. The best known representative of the fourth and last gi'oup of genera in 
this subfamily is the bayad {Bcujraa hayad) of the Nile ; the group being easily 
recognised by the circumstance that while the two pairs of nostrils are remote from 
one another, the hinder have barbels. Both species are confined to the Nile, but 
the allied ChryHlcfhys ranges all over Tropical Africa, and Macrones and Rita 
are Oriental forms. In these forms the short dorsal fin has a pungent spine, and 
the head and neck ai’e generally protected by a tuberculated bony shield. 

Electric Cat' On* account of the ju'ojxu-ty from which they derive their name 

Fishes. brief nsimtioii must be iiifide of the electric cat-fish(‘s {Malaptpmrii^) 
of Tropical Africa, bidonging to a subfamilj^ in whicli the rayed dorsal fin, when 
present, is short and confined to the hinder region of the body, while the pelvic fins 
arednsei'ted behind. From their allies these fishes are distinguished by the total 
absence of the rayed dorsal, so that they have only a fatty dorsal immediately in 
front of the tail (which is rounded), and opposite the anal. The head and body are 
smootli, tlie p(‘ctoral fins have no spine, and there ai’c six barbels. The species 
inhabiting the Nile grows to about 4 feet in length. 

MaUed Cat- ^f he only other iiienibers of the famil 3 % which space admits of 

Fislies. mentioning, are the mailed cat-fishes (Callichthys^ Tjoricariay etc.), 
constituting a subfamily mainly confined to Tropical and Soutli America, although 
represented by a few Oricmtal forms. In all theses fishes there is always a rather 
short rayed doi’sal fin, beneath or in front of which the pel vies are generally 
inserted. The gill-membraiu‘s are confluent with the skin of the isthmus, and the 
gill-openings constricted to small slits. The pectoral and pelvic fins are placed 
horizontally : and the vent is in front of, or only slightly Ixdnnd, the middle of the 
length of the body. Among these fishes the species of the genus C(dlichihys, 
which are C(3nfined to the rivers on the Atlantic side of Scnith America, belong 
to a group characterised by the nearness of the two pairs of nostrils, between which 
there is generally a short flap, and by the expansion and revei*sion of the lower lip 
to form a broad flap more or less deeply notched in the middle. In the genus 
juentioned, the head is covered with bony plates, and the body encased in two rows 
of tmnsversely (elongated overlapping shields on each side ; all the species btiiiig of 
small size. Like certain other South American forms belonging to another sub- 
family, of which the members of the genus Voraa are perhaps the best known, 
these mailed cat-fishes are in the habit of making nocturnal joumeys during the 
, hot season, when the pond they inhabit is about to dry up to another of greater 
capacity, and they likewise construct nests for their eggs. In the case of the 
genus last mentioned, these journeys may occupy several nights, during which the 
fish travel in large companies. As they have no special breathing-sacs, they must 
apparently (;losc their gill -openings, and thus keep tlie gills moist. The nests, 
which are made at the beginning of the rainy season, are formed of leaves, 
beneath which the eggs are deposited and watched over by both parents ; the whole 
structure bein^ sometimes placed in a hole on the margin of the river or pond. 
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In the armoured cat-tish, foi'ming the genus Loricarm, the body is remarkable for 
its elongated and slender form ; while the head is depressed, with a more or lesrf 
produced and spatulate snout, on the under surface of which tlie mouth is situated 
at a considerable distance from the extremity, its margins being surrounded by 
large folds, and each corner having a barbel. Both the dorsal and anal fins are 
short and elevated, and the entire head and body enveloped in a bony cuirass. 

SECTION PLECTISPONDYLI. 

The Carp Tribe, — Family CYrRimD.E, 

Adopting a modification of Professor Cope/s classification, the eels and their 
allies may be regarded as forming one sectional group of the suboivlei’, while the 
cat-fishes constitute a second by themselves. A third equivalent group will then 
be made by the carps, together with the under-mentioned family of the characinoids 
and certain allied forms. This third group — ^for which the name Plectispondyli has 
been proposed — while agreeing with the cat-fishes (forming the group Nematognathi) 
in having the first four vertebne fused together and highly modified, differs in the 
presence of a subopercular bone. As in the last family, the margin of the uppci* 
Jaw is formed by the premaxillfe, and the wliole mouth is toothless, teeth being 
developed on tlie pharyngeal bones alone. While the head is invariably naked, the 
body is generally covered with scales, and although it may be scaleless it is never 
invested with bony plates. False gills may be developed, and, if so, are glandular. 
When an air-bladder is present, it is always of large size; and it may be divided 
into two lateral moieties enclosed in an ossified capsule, or constricted into an 
anterior and posterior portion winch are not thus protected. The numerous 
members of this fairiily are fresh-water fish, confiiK^d to th(‘. Old World and North 
America, being quite unknown in the southern half of the Ne.w World, and also in 
Australia. Showing” much ]('ss diversity of form and habits than the cat-fishes, 
the cai’p tribe are for the most paH omnivorous, altliough a few of its members 
restrict themselves to a vegetable diet. Although some of them prefer muddy 
situations, where their barbels are probably of assistance, the imybrity of the carps 
differ from the cat-fish in selecting clear waters for their liaunts. The Indian 
forms seem to be more cai*nivorous than their European relatives, many of the 
larger kinds preying upon tlieir smaller bretliren. Geologically, the carps appear 
to be a comparatively modern group, the earlicist known forms occurring in the 
Eocene of Sumatra ; these being identified with existing Oriental genera. Other 
fossil carps have been obtained from the North American Eocene, and are assigned 
to extinct generic types; while in the Continental Miocene we find representatives 
of a number of the existing European genera, as well as of a few now mainly or 
exclusively Asiatic. On account of their mere cleanly feeding-liabits the flesh of 
the carps is superior to that of the cat-fishes. The family is represented by over 
a hundred existing genera, arranged under two subfamilies. 

True Carps common carp {Cyprimm carpio) claims our attention as the 

typical representative of the subfamily CypriniiUB, characterised by 
the air-bladdei* (wanting in one Oriental genus) not being enclosed in bone, and 
divided into an anterior and posterior moiety. In the Oriental genus {Homalop^ 
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terus) without an air-bladder the number of barbels is six, but otherwise there are 
‘ never more than four of these appendages, which may be reduced to a single pair, 
■pr be wanting. 

Belonging to a group in which the anal fin is short and usually furnished with 
five or six branched rays, the true cax’ps hav’e the lateral line running along the 
middle of the tail, the dorsal fin placed opposite the pelvics, and containing a more 



GROUP OF CARP. 

1, Carp ; 2, Large-scaled variety of Carp ; 3, Crucian Carp ; 4, Barbel (4 nat. size). 


or less strongly serrated bony ray. and more than nine branched rays, while the 
pharyngeal teeth are arranged in three series, with those of the outermost one 
molar-like. The muzzle is rounded and blunt, with four barbels, and the rather 
narrow mouth at its extremity. The ti-uo carps form a small genus confined to 
the temperate parts of Europe and Asia, the common species being a native of the 
latter continent, and abundant in a wild state in China, where it has also long been 
domestic^ited. Thence it was introduced into Germany and Sweden, and subse- 
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(jiiently into Britain — it iH said early in the seventeenth century. The ordinary 
form is shoAvn in the upper figuni of the illustration on p. 457 ; but thei*o are many 
domesticat(Ml vai*it^ties, differing either in the form of the body or the size and 
arrangement of the scales. Among the latter, one of tlie most remarkable is the 
so-called (mirror-carp), shown in the right-hand middle figure of 

the illustration. In this variety, which is found only in ponds, the scales are three 
or four timt‘s tlu^ normal size, and instead of covm’ing the whole body ai’e arranged 
in from one to three longitudinal rows, with bare skin between them. In Western 
Europt*^ tlie carp has taken kindly to its new habitat, not unfrequently attaining aa 
much as a yard in length, witli a weight of 25 lbs., while very much larger specimens 
are on record. Preferring still waters, with a soft muddy bottom in which it 
grovels with its snout for food, the carp feeds on various vegetable substances, as 
well as on insects and other small aquatic invertebrates. When the surface of their 
haunts is locked in ice, carj) lie deeply buried in holes in the mud, frequently 
consorting in numbers, and undergoing a partial hibej’iiation, which is not broken 
till the returning warmth of spring. Their growth is extremely rapid, and their 
fecundity extraordinary, nearly three-quarters of a million eggs having been counted 
in the roe of a medium-sized s 2 )eciirHai. They are ca 2 )able of li\ ing a considerable 
time out of wat(*r, es 2 )ecially if they are moistened from time to time ; and are 
known to live to a very great age. CJarj) wdll intei'brecd both with the Crucian 
and golden catq). 

Crucian and Easily distinguished by the absence of barbels, the (h’ucian carp 

Golden Carp. viiIgarLs), and the golden carp, or gold-fish (C. (taratiif^y 

are tlie bfc\st known representatives of another closely allied genus; the former 
being a native of Central and Northern Euro 2 )e, but also found in Italy and Siberia, 
while the home of the second is China and the warmer 2 >arts of Ja 2 )au. Both are 
comimratively small species, and have been long domesticated ; whereas, however,, 
the Crucian carp always retain the original brownish colour, the domesticated 
variety of tlie golden carj) has assumed the well-known golden tinge from which 
it takes its name ; an albino form being also knowui. Among the numerous varieties 
of this fish the most curious is the so-called telescope-fish, shown in the right-hand 
figure of the illustration on p. 412, taking its name from the 2 )rominence 6f the 
highly movable eyt\s, and likewise charactei'ised by the great development of the 
caudal fin. In Europe gold-fish thrive lx‘st in waters heated somewhat above the 
ordinary temjierature, and they are accordingly frequently kejit in engine-ponds, 
where the water may have a temj)erature of some 80°, and in which they breed 
freely. The Crucian carp, shown on the left of the illustration on p. 457, is con- 
fined to ponds and lakes, where it seeks the deepest parts. 

Barbels Represented by some two hundred species from the tropical and 

tcmj>erate regions of the Old World, the barbels are bcKst known by 
the common European species {Barbus vulgaris), shown in the lower figure of tht^ 
illustration on p. 457, and the gigantic mahasir {B. tor) of India and Ceylon. 
Agreeing with the carps in the structure of the anal fin, and the posijbion of the 
lateral line and dorsal fin, they belong to a subgroup of genera in which there are 
generally not more than nine rays in the dorsal fin, the pharyngeal teeth being" 
arranged in three rows, the greater part of the cheek not covered with bone, tho 
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anal scales not enlarged, and the eye unprovided witli a fatty lid ; while they are 
specially characterised by the arched mouth — wliieli is devoid of int(‘rnal folds — and 
by the presence of false gills. The anal fin is frequently tall, the lips are devoid of 
any horny covering, and the barbels, if present, may be either two or four in 
number. The scales may be (dther small or very large, and the body is frequently 
of a much more clongat(‘d form than in tlui t)*uo carps. While some species are 
not more than 2 inches in length, the mahasir, and some other kinds, may grow 
to at least G f(‘et. Of the Indian forms, Driy writes that those with four barbels 
(among which is the mahasir), “ providiMl they are sobi‘i*ly coloured, attain a largo 
size ; the*brilliantly coloured forms are mostly residents in clear or i*apid mountain- 
streams, oi* rivers contiguous to liills, and generally small. A strong dorsal spine 
is usually (if not invariably) a sign that the species lives in thc^ vicinity of high 
mountains, the streams of which it ascends to brecnl. An exception has, however, 
to be*made of those forms with serrated dorsal sj)ines, which ai‘o usually resident 
in tlie waters of tlie j)lains.*’ Th() common barbel, which has four of the appendages 
from which it derives its name, not uncommonly grows to a length of 2 feet, with 
a weight of from 8 to 10 lbs., but may attain much larger diimmsions. 

Gudgeon Confining our attention nuiinly to the European representatives 

of the family, we have next to mention the gudgeons {(.hjhio), whicli 
may be distinguished from the foregoing by the pharyng(‘al teeth being arranged 
in a double or single series ; the body being entirely covered with scales ; and the 
muzzle having two small barbels, with the mouth inferior in ])osition, and the 
premaxillary bones protractile. The scales are of moderate size, the short dorsal 
fin has no spine, and the intestine is remarkable for its shortness. These small 
fishes are represented only by two speci(‘s, of which Li, jInviatiliH is British; and, 
like the barbels, tlu^y are i)in ely animal-fet'ding. The British species is shown in 
the lower figure of the illusti*ation on p. 4G2. 

^ From the whole of the members of the family noticed above the 

White-Fish. . . ^ . 

so-called “ white-fish'' belong to a group of genera in which the anal 

fin is short or of medium length, with from eight to eleven branched rays, and not 

extending forwai'ds btmeath the line of the dorsal ; the lateral line, wlien coniplete, 

running nearly or cpiite in the middle of the tail. From certain allied forms they 

are distinguislu^d by the short dorsal fin having no bony ray ; and the pharyngeal 

teeth form a single or double series, the margin of the lower jaw is not cutting, 

and ftiei-e are no barbels. As distinctive peculiarities of the white-fish may be 

mentioned the protractile premaxillary l)ones, the imbricating scales, and the 

smooth outer surface of the pharyngeal teeth. The numerous representatives of tlie 

white-fish are distributed over the rivers of the North temperate zone, the New World 

^ forms somewhat exceeding in numbers those of tht' Old. Among the European 

representatives of the genus, the roach (Leuciscus mtilus), shown in the right- 

hand middle figure of our illustration, agrees with several otlier species in having 

a single series of pharyngeal teeth, at least ten rays in the anal fin, jxnd the dorsal 

nearly opposite the pelvic fins ; its deep body being silvery, and the lower fins of 

the adult generally tinged with red. Its range is confined to Europe north of the 

Alps. On the other liand, the chub (L, cephaliiH), shown in the lower figure of the 

illustration, may be selected as an example of a second group in which there are two 
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series of pharyngeal tooth. Thi.s fish has a somewliat wider distribution than the 
last, extending southwards into Itiily and eastAvai-ds into Asia ; it is uniformly 
coloured, with greyish margins to the scales. To the same group of the genus 
belongs the dace {L vulgaris), with the .same distribution as the roach, to which it 
presents a considerable external re.semblauco, althougli smaller and longer in form ; 



GROUP OP WHITE-FISH. 

Ide, Riidtl, Roacli, and Chub nat size). 


its sides being silvery, but the fins not tinged with red. Roach and dace are 
coiiiinonly found in company, and have identical habits. The fish shown in the 
upper figui’o of our illustration is confined to the central and northem countries of 
the Continent, where ifc is known as the ide {L. and is a uniformly-coloured 
species nearly allied to the last. It is of special interest on account of a golden- 
coloured domesticated variety bred in Germany, and known as the orfe. Another 
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member of the same group is the rudd or red-eye (X. erythopthalmus), of which a 
specimen is represented in the left-hand middle figure of the illustration ; this 
species, which ranges all over Europe and Asia, may l)e distinguished by its scai’let 
lower fins, the general hue of the scales being coppery. The familiar and diminu- 
tive minnow {L, phoxiiiiis) difiei-s fi*oin all tlie foregoing memb(n*s of this group by 
the incomplete lateral line ; its rang('- b(dng limitt‘d to Europe, although it is repre- 
sented by an allied species in North Ameiica. The habits of all these familiar fish 
are too well known to need notice ; but it may be mentioned that several of them 
will interbreed, as they will with species belonging to other genei'a of the family. 

Kep resenting a genus by itself, the European tench {Tinea 
vahjaris) di tiers from the white-fish by the presence of a small pair 
of barbels to the mouth ; the pharyngeal teeth forming a single series. The small 
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scales are deeply embedded in the thick skin ; there is a complete lateral line ; both 
the -dopial and anal fins are short ; and tlie caudal, instead of having the markedly 
forked form characteristic of the roach and its allies, is but slightly emarginate. 
The terminally-situated mouth has its lips moderately developed. Whereas white- 
fish prefer clear running streams, the tench fi’e(jueiits ponds, lakos, and other more 
or less stagnant water; its colour, which is sometimes bronzy golden, and in other 
cases olive-green, with a more or less blackish tinge, is stated to vary with the 
purity or otherwise of the water in which it lives. Tench always keep near or in 
the mud, beneath which they entirely bury themselves during tlie colder months, 
after the fashion of so many members of the family. A good tench will weigh 
4 lbs., but e^jamples of 5 lbs., and even over, are not very uncommon. It is probably 
owing to the abundant supply of mucus secreted by the skin that the tench was 
considered to be endowed with healing powers. Tench are exceedingly prolific,, 
and as they bear transport easily, are admirably adapted for stocking ponds. 
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Beaked Car name may be distinguished a small genus, containing 

seven species, from Continental Europe and Western Asia, and 
differing from the two foregoing by the margin of the lower jaw forming a cutting 
edge, overlain witli a brown horny layer; one of the species (Choiidrosiinnxi nasus) 
being represented in the lower figure of the illustration on p. 4G5. These fishes 
are further characterised by the medium or small size of tlie scales, the termination 
of the latcjral line in the middle of the deepest part of the tail, by the dorsal fin 
having not more than nine branched rays, and being situated opposite the root 
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of the pelvics, and also by the rather elongate anal bearing ten or more rays. 
The mouth is inferior in position, an<l transverse ; and there are no barbels, 
C>ommonly known in France as le niez, the figured species does not usually exceed 
18 inches in length, with a weight of about 8 lbs. It is generally found in deep 
water, where it feeds on various vegetable substances, but more especially on the 
green confervoid growth covering submerged stones, which is neatly mown off 
by a scythe-like action of the horny margin of the transverse lower lip. 

BitterUng fiinall roach-like fish known as the bitterling (Rhodens 

(imarnn), of which two examples are shown on the left side of the 
accompanying illustration, is the European representative of four genei;a of small 
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carps mainly characteristic of Eastern Asia and Japan, and having the following 
distinctive features. The anal fin is of moderate length, and extends forwards to 
Ijelow the line of the dorsal ; the lateral line, when fully developed, runs on or 
near the middle of the tail ; aiul there is but a single series of pharyngeal teeth. 
The bitterling, which bohuigs to a genus characterised by the inconiplete lateral 
line, and the small size of the scales, is locally distributed in Cent]*al Europe, 
where it is not unfrequcntly found in hot springs. It is one of the smallest of 
Euroj^ean fishes, the females being generally about 11 inches in length, while the 
males <lo not exceed twice this size. The name is derived from the bitter taste of 
the flesh*; and it is only perch and eels that will take this fish wlitui used as a bait. 
In common with its allies, the bitterling is remarkable for the circumstance that 
in the breeding-season the oviduct of the female is pi*oduced into an elongated tube, 
projecting a considerable distance beyond the surfaet* of the body. This organ, 
which may be compared to the ovipositor of an ins(‘et, is introduced within the 
shells of fresh-water mussels, and the eggs are thus deposited in a situation where 
they will be j^i-otected from the attacks of enemies. 

, The common European bream (AlmmilH branui), shown in the 
lower tigui*e of th(i illustration on the ni^xt page, is the type of a largo 
group of genei-a, characterised by the elongation of the anal fin, and by a portion 
or the whole of the abdoimui being compressed so as to form a sharp edge. In the 
type genus th(‘ much compressed body is deep or oblong in form, with the scales of 
moderate size, and the latei’ul line running below the middle of the tail; the short 
dorsal fin, whicli is not furnish(‘d with a s[)iiie, being situated opposite the intei’val 
between the ])elvic and anal fins. In both jaws the lips are simple, the upper 
being protractile, ami generally longer than the lower, although occasionally the 
reverse condition obtains, ''rhe* ]iharyng(»al teeth may be arrang(‘d in tuther a 
single or doubh‘ seri(\s ; ami the scales do not extend across the sharp etlge of the 
lower vSurfact' of the liindtu* ])ai*t of tli(‘ body. Distributed over Europe north of 
the Alps, portions of WT^stern Asia, ami North America, the bivams are repre- 
sented by about fifteen speci(‘s, of which the common bream and the A^'hite bi*eam 
(A. hllcea) are found in Dritain. The white bream, shown in the upper figure of 
our illustration, has the general colour of the si<les bluish white, without any trace 
of the golden yellow lustr(% from the presence of which the common species is often 
termed the carp-bream. They may also be distinguished by the iris of the eye in 
, the liftter being yellow, and in the former silvery white, tinged with pink. Yarrell 
writes that ‘‘ bream swim in shoals, feeding on worms, and other soft-bodied animals, 
with some vegetable substances ; and if the water they inhabit suits them, which 
is generally the case, as they ai'e hardy in their nature, they gi-ow rapidly, and 
spawn in May. At this season one female is generally followed by three or four 
males, and they bear at this time a whitish tubercle on their scales, which causes 
them to feel rough to the hand.’' In some of the Irish lakes bream run to as 
much as 12 or 14 lbs. in weight; and as they arc a greedy flsh, great numbers can 
be taken by the aid of ground -baiting. Of the other two species here figured, the 
zope {A. hallerw^), forming the second figure from the top, is an inhabitant of 
Oej^many, Holland, and Sweden; while the zarthe (A, vimha), is found in the 
* Danube, as well as in the rivers of NoiHi Germany, Sweden, and Eussia. The 
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latter species may be easily recognised by the keeled upper surface of the tail, 
and the projecting muzzle ; while the zope is cliaracterised by the great elongation 
of the anal tin, which commences opposite to the dorsal, and extends nearly to tip 
tail, combined with the oblique direction of the cltd’t of the mouth. 


I 




GROUP OP BREAM. 

t White Bream, Zope, Zarthe, and Common Bream (J nat. size). 

Rapfen name is known in Austria the typical representative . 

(Afipins rapax) of a small genus of carps, containing four species 
from Eastern Europe and China, and somewhat intermediate in structural 
characters between the breams and the bleaks. Agreeing with the former in the 
shortness of the gill-rakers, these tishes always have the lower jaw projecting 
considerably beyond the upper, which is but. slightly protractile ; the anal fin 
never has less than thirteen rays; and the sharp lower edge of the abdomen 
behind the pelvic fins is crossed by the scales. Common in Eastern and Northern,. 
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Europe, although unknown in the British Islands, the rapfen, is genei’ally found 
in lakes or rivers flowing through level country, as it requires clear but tranquil 
waters. In colour it is bluish black above, with the sides bluish white, and the 
under surface white ; the dorsal and anal fins being blue, and the others tinged 
with red. In weight this fish does not exceed a dozen pounds, and in length never 
measures more than a j^ard. 



SICHEL, RAPFEN, AND BEAKED CARP. • 


Bleak. * Especial interest attaches to the beautiful little fish known as 

the bleak {Alhurmis Ixicidm), of which a figure is given on the 
right side of the illustration on p. 462, on account of the use of the pearly matter 
from its scales in the manufacture of artificial pearls. Of bleak there are fifteen 
species, ranging over Europe and Western Asia; the common British species being 
found only to the north of the Alps, although represented by an allied form in 
ItJ^ly. From both the preceding genera these fish are distinguished by the slender 
and lanceolate form of the closely set gill-rakers. The body is more or less 
’ VOL. v . — 30 
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elongate, with th(i scales of inorlerate size, and the lateral line running below the 
middle of the tail. The tins are generally similar to those of the last genus ; and 
the lower jaw projects more or less beyond the upi)er, which is protractile. In 
the hinder part of the abdomen the scales do not extend aciws the sharp lower 
edge. Generally about 4 or 5 inches in ]t‘ngth, and never exceeding 7, the 
common bleak is steel-blue in colour above, with silvery white sides and under 
surface, and the dorsal and caudal tins grey, the others being colourless. It is 
found in rivers, lakes, and ponds, preferi’ing clear water; and in calm, warm 
weather swimming rapidly about near the surface in search of flies and other 
insects. During the spawning-season, which is in May and June, bleak collect in 
large shoals, which ai*e pn^yed upon not only by perch, but likewise^ by gulls 
and terns. * 

Nearly allied to the bleak is a small fish (Lcucas2^ias del in calm) from the 
rivers of Eastern and Southern Europe, distinguished by the extreme shortness of 
the lateral line, which scarcely extends beyond the extremities of the pectoral fins. 
The scales also are of a regular ovate form, without the distinct fan -like rays so 
characteristic of the bleak. 

The last member of this great subfamily that we shall mention 
is the curious-looking fish {Pelecus cidtratus) shown in the upper 
figure of the illustration on p. 405, known in Gei’inany as tlu^ sichel, and forming 
the sole representative of its genus. It is at once characterist^d by the whole of 
the abdominal surface of the oblong and compressed body forming a sharp cutting 
edge ; the scales being small, and the lateral line making a sudden descent behind 
the pectoral fin towards the lower surface. The cleft of the mouth is always 
peculiar in ha\’ing a nearly perpendicular diniction. The pectoral fins are 
unusually tall, and the dorsal is placed far back, and above th(i anal, which 
resembles that of the bream in its numerous rays. On the pharyngeal bones the 
teetli are arranged in a doublii scales, and are strongly hookc'd. Jn profile this 
fish, which generally ranges from 6 inches to a foot in length, is remarkable for 
the straightness of the line of the back, and thc^ convexity of its lowei’ border. It 
is widely distributed in Eastern Europe, being common in th(^ Dlack and Caspian 
seas, as well as in their affluent rivers. In form this tisli makes a curious approach 
to the members of the heu-ring tribe. 

With the small fishes known as loaches, of which there three 
European genera, we come to the sc^cond subfamily (Cohiii^m) of 
the carp tribe, which is characterised by the air-bladder being either 2)artially or 
entirely enclosed* in a bony capsule; false gills being always absent. In these 
fishes the body may be elongate, oblong, coni])ressed, oi' cylindrical, but is never 
depreased; the imizzle and lips are ll(?shy ; and the small, inferiorly-plaqed mouth 
is furnished with from six to twelve; barbels. The median fins are spineless, the 
dorsal having a variable number of rays, but the short anal possessing but few, 
while the pelvic pair may be wanting ; scales small, rudimental, or absent, and when 
present, cycloid, and usually immersed in mucus ; in one Oriental genus, developed 
upon the back and sides of the head. The loaches of this subfamily are confined 
to Europe and Asia; and while some of those from the former continent .are 
partial to swift clear streams with a stony bottom, the Indian forms delight in 
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muddy tanks, where they bury themselves in the mud. All are carnivorous ; and, 
in s})ite of tlieir small size, the Eui'opean species are esteemed as food. The giant 
loach fossiliH), forming the central figure of our illustration, is the 

largest European member of the group, and belongs to a genus of four species, 
common to Europe and Asia north of tlui Himalaya. 1die genus is characterised 
by the elongate and compressed fonn of the body, tlie absence of an erectile spine 
near the eye, and the presence of from ten to twelve barbels, four of which belong 
to the lower jaw; the dorsal tin being placed above the pelvic pair, and the caudal 
rounded. The European species, which grows to a length of 10 inches, is found 
in stagnant waters in Southern and Eastern Germany, and Xorth-Western Asia ; 
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being replaced by an allitMl form in China and Japan. The true loaches {Nema- 
ehilufi), on the other hand, liave six: upper barbels, and none on the lower jaw. 
They are represented by some fifty species from Europe and Temperate Asia; the 
common Biatish loach (A. h(frh(fiiilit8), shown in the upper figure of the illustration, 
being foujid in ch^ar streams all over Europe with the exception of Dennu^,rk and 
Scandinavia. The spiny loach fauna), nhown in the lower comer of the 

illustration, is the typical representative of a third genus, distinguished from the 
last by tlu‘ pi*esonc(' of a small, bifid, erectile spine below’- each eye. The figured 
species is Ipcally and sparingly distributed in Britain, but more common on the 
Continent. Certain Indian loaches formerly included in this genus are now 
regarded as distinct, the subfamily being represented by eight other genera 
in the same country. 
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African Loaches, — Family Kneriidje. 

Two small loach-like fishes from the fresh waters of Tropical Africa, one of 
which {Kneria confjolensis) is figured in the annexed illustration, alone represent a 
family distinguished from the preceding by the absence of teeth on the pharyngeal 
bones, and by the elongated air-bladder being undivided, barbels being wanting. 
While the figured species is from the west coast, the other (K. sjyekei) inhabits 
Central Africa. 


The CiiARACiNOTD Fishes,— Family Erythrinidjs. 

As an example of a very extensive family of fresh-water fishes, confined to 
Tropical America and Africa south of the Sahara, we select an American form 
known as the piraya {Serrasalmo 'piraya), since in our limited space it is quite 
impossible to deal with any of the others. It may be mentioned, in the first place, 
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that these fishes are commonly known as the Characividfr, but as there is no 
such genus as Characinus, it is obvious that this term cannot stand, and we have 
accordingly adopted another. According to Professor Cope's arrangennent, these 
fishes belong to the same sectional group as the carp tribe, from which they may 
be distinguished by the brain-case not being produced })etween the orbite, and 
likewise by the number of upper pharyngeal bones varying from four fe^one 
instead of being always two; a further point of difference occurring in the 
structure of the upper jaw, which is formed in front by the premaxilUe, and at 
the sides by the maxillaB. Like the carps, the body is scaled and the head naked ; 
but barbels are invariably wanting, and the jaws may be either toothless, or 
fumished with a dentition of a very powerful type. In most cases there is a 
small fatty fin behind the dorsal ; the air-bladder is always transversely divided 
into halves, and there false gills. Unfortunately, there are no fossil forms 

to aid in the cxplanatlcwA of the peculiar geographical distribution of. the family, 
which is very similar to that of the chromids ; but there can be little doubt that 
the ancestral types originally inhabited the great land-mass of the Northern 
Hemisphere, from whence they migrated southwards to their present isolated 
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distributional areas. It is, however, not a little remarkable that whereas in their 
migration to Africa they have been accompanied by members of the carp tribe, 
in Tropical America they entirely take the place of that family. The numerous 
genera, none of which are common to the two hemispheres, are ranged under 
eleven groups or subfamilies, tlio majority of which are confined to either the one 
or the other ‘half of the distributional area, although a few have representatives 
of both. As regards their habits, some of these fishes are strictly carnivorous, 
while others are as exclusively vegetable-feeders. 

The figures 1 spejcies belongs to the last subfamily, which includes four exclus- 
ively American genera, represented by some forty species, and characterised by the 
somewhat elongated dorsal fin, behind which is a small fatty fin; by the gill- 
membranes being free from the isthmus, and also by the distinct serration of the 
middle line of the under surface of the body. 

On account of their large size, two other genera of these fishes, which have 
respectively received the names of Hydrocyon and Gyvodon, must be mentioned; 
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the former being from Tropical Africa, and the latter from Brazil and the Guianas. 
They grow to the length of 4 feet, and are highly predacious; the subfamily to 
which they belong being characterised by the presence of a shott dorsal and anal 
fin, the large conical teeth, the want of attachment between the gill-membinnes 
and the isthmus, and the approximation of the nostrils. 

The Cyprinodonts, — Family (^rPllTNOf>bR^'lDA:. 

The small fishes which, for want of an English title, we may designate 
cyprinodonts, bring us to the fii’st family of another sectional group termed the 
Haplomi, which also includes the pikes. In addition to certain other structural 
features Qf sl^eleton, this group is characterised by the first four \'ertebra3 being 
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separate and of normal form ; while in the skull the pai’ietal bones ai-e separated 
by the supraoccipital, all the opercular bones are pi*c‘sent, and tlie pharyngeaLs are. 
<Ustinct, the upper on(‘s being directed forwards, and three or four in number. As 
a family, the cyprinodonts are specially distinguished by the margin of the upper 
jaw being constituted solely by the preinaxilhe, and th(i enlargement of the third 
upper p]iaryng(‘al l)ono. Externally th(*y may be rt^adily distinguished from the 
carps by the head being scaled as well as the body, and tliey liave no barbels. Botli 
jaws are toothed, and the pharyngtials ai-e also furnished with t(‘(‘th, which arc 
heart-shaped. There is no fatty fin, and the dorsal is situated in the hinder half 
of the body. Tlie air-bladder is simple, and the false gills are wanting. Inhabiting 
eitluir fresh, brackish, or salt water, these fish are distributed over the south of 
Europe^, Africa, Asia, and America; somti being puriOy carnivorous, while others 
feed on the organic, substances to bti found in mud. Most of the forms are 
viviparous ; and the males, which are much inferior in size to the f(‘males, and, 
according to Dr. Gunther, probably the smallest living fishes, fre(piently have the 
anal fin specially modiliinl to aid in tlu^ i*(‘productive process. As a rule, the fins are 
relatively larger in the males than in the females, and there is likewise some 

difference in the coloration of tlu‘. two sexes. In a fossil state, remains of the 

typical g(*ims occur in the Miocem* strata of the 
- Contintmt, which have also yielded others re- 

^ ferred to an existing Aimnican genus; while 

t the head of a species much lai'ger than any now 

V ^ living has been d(‘scribed from the Bliocime of 

^ Imlia, this specimen l)eir)g figunwl in the accom- 

r panying illustration in oi*der to show the scales 
-7 ■ ^ I on the head so charactiu’istic of the family. 

I Jjij , Cyprinodonts are representc^d by about a score 

f of genera, which may ]>e divided into two sub- 

^ ' 1 V families, according to th(^ natun? of the food. 

In the first of these, which includes the typical 
^ genus Cyprlnodon, an<l has a distribution co- 

extensive with that of the family, all the forms 

HEAD OF A FOSSIL CYPRIHODONT, WITH . ... ' , 

ONE OP THE SCALES ENLARGED. are caniivorous or insectivorous, and are char- 

acterised by the lirm union of the two Ifranches 
of the lower jaw in front, and likewise by the shortness, or slight convolution 
of the intestines. On the other hand, in the second subfamily, udiich is exclusively 
restricted to Tropical America, the species seek their food in mud, and have the 
two branches of the lower jaw but loosely joined together, while the intestine is 
highly convoluted. It is in this group that the sexual differences are most strongly 
marked. 


Double.Eyes example of the family we take a remarkable genus 

belonging to the first subfamily, represented by three species from 
Tropical America, one of which {Anahlep:^ MTOpilialmuf^) is shown in the accom- 
panying illustration. Having a broad and depressed head, with the region over the 
eyes much raised, the elongate body compressed in front and depressed behind, a 
protractile muzzle, and the cleft of the mouth horizontal and of moderate size, these 
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fish arc fipecially characterised by the structure of the eye, \vlii(‘li is quite unique 
among vertebrates, and from whicli tliey derive their name. In each eye the 
integuments are divid(‘d into an upper and a lowei* inoiety by a dark -coloured 
transverse band in the outer layer; the pupil being likewise bisected in the same 
plane by means of a lobe proj(‘cting fi*om each si<le of the iris. Tluj scales are of 
small or moderate size ; tlui <lorsal and anal fins short, the latter being jdact'd in 
advance of tlui line of the former, and in the male (which in this genus is larger 
than the female) moditied into a long, thick, scaly organ, with an aperture at the 
end. These fishes are the largest existing members of the whole family, growing 
nearly to a foot in length. They are abundant in Noi’th Bi*azil and the Guianas, 
where they fre((uent mud-l)anks on the coast and in the estuaries of the larger 



rivers ; many of them being often left stranded by the retiring tide, where they 
progn^i^ on the slime by a series of leaps. After birth the young are carried about 
by the female in a thin-skinned sac divided by a partition, until they are suffici- 
ently advanced to take care of themselves. When swimming, these fishes frequently 
go on tlie surface with the eye half in and half out of the water ; and it is in 
accordance with this habit that the eyes are divided, the uj)per portion being able 
to see in the air, while the lower is adapted for vision under water. That such is 
really the case, is proved by the stiaicture of the lens of the eye. In terrestrial 
animals the lens is lenticular, that is to say, of the shape of two watch-glasses put 
edge to edge ; wherc^as in ordinaiy fishes, which have to see in such a dense medi\im 
as water, tlu3 lens is spherical. Now in the double-eye that portion of the organ of 
vision which is above the level of the water has the lens lenticular, while in that 
portion which is below the water the lens is spherical. In Brazil the flesh of these 
fish fonn|i an article of consumption. 
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The Blind- Fish, — Family Amblyopswa^, 

The celebrated blind-lish {Amhlyopi^is spela^a) from the Mammoth Cave in 
Kentucky, the Wyandotte Cave in Indiana, and the feubterraneaii streams which 
appear to connect the waters of the two, is generally regarded as the typical repre- 
sentative of a family closely allied to the last. This hsh, which does not exceed 5 
inches in length, and breeds viviparously, closely resembles the genus Cyprinodon 
in that certain specimens (which have unnecessarily been separated as Typklichthys) 
lack th(i pelvic pair of fins. All traces of external eyes are wanting, and the skin is 
totally devoid of colour. In order to enable the creature to find its way about in 
the dark subterranean waters of the limestone rocks of the Central United States, 
its head is provided with a large supply of organs of touch, arranged in a series of 
transverse ridges on each side ; while its sense of hearing is also stated to be very 
highly developed. Professor Cope writes that if these fish be not alarmed, they 
come to the surface to feed, and swim in full sight like white aquatic ghosts. 
Tliey are then easily taken by the hand or net, if perfect silence is preserved, for 
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they are unconscious of the presence of an enemy except tlirougfi the mediutn of 
hearing. This sense is, }iowe\'er, evidently very acute, for at any noise they turn 
suddenly downwards and hid(^ beneath stones, etc., on the bottom. They must 
take much of their food near the surface, as the life of the depths is apparently 
very sparse. This habit is rend(;red easy by the structure of the fish, *tfor *ihe 
mouth is directed partly upwards, and the head is very flat above, thus allowing 
the mouth to be at the surface. It thus takes food with less difficulty thaix other 
surface-feeders, as' the pei'ch, where the mouth is terminal or even inferior; for 
these require a definite effort to elevate the mouth to the object floating on the 
surface.” Nearly allied to that variety o| the blind-fish in which pelvic fins are 
absent is a small fish known as Cltologasfer, in which small external eyes ai^e retained, 
and the body is coloured ; the front of the head being provi<led with a jiair of horp* 
like appendages. These small fish were first known from three examples taken in 
the ditches of the South Carolina rice-fields, but a fourth specimen waa captured in 
a well in Tennessee in the year 1854. The retention of th(i eyes and their dark 
colour indicates that these fishes have taken to a partially subterranean life more 
recently than the blind-fish. 
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The Umbhes,— Family Umbhilje. 

A small fish from Austria-Hungary known as the umbre ( Umhra krameri), 
together witli a second (U. limi\ locally distributed in the fresh waters of the 
United States, indicate a family distinguished from the Cyprinodoniidai by the 
upper jaw-margin being formed in front by the premaxillary bones and by 
the maxillary bones at the sides ; the base of the skull being of simple structure 
in both families. Like the cyprinodonts, the unibros have tlie head and body 
scaled, and no barbels to the mouth. There is no fatty fin, and the dorsal is 
opposite the pelvics, or a little behind them, while the anal is short, and the 
caudal rounded. The stomach merely foi-ms an expansion of the intestine ; 
the air-bladder is simple; and the false gills are hidden and glandular. The 
European species, which is known as the hamfs-fisch in Germany, dwells in 
marshes and muddy pools, where it buries itself in the mud at the bottom. As in 
most cyprinodonts, the males are smaller and more sleialer than tlie females, scarcely 
reaching a couple of inches in length, whereas the latter grow to 3 or 3-^ inches. 

The Pike, — Family EsocilKK 

Such a familiar fish as the pike (Efiox lucius) scarcely rocpiircs much in the 
way of descriptioti, but it is an important one as representing, with other members 
of the same genus, a family by itself. Agreeing with the umbres in the structure 



COMMON riKE. 


of the jaws, ])ike may be distinguished externally by the absence of scales on the 
head, :ifnd internally by the more complex structure of the base of the skull. The 
bofly is covered with cycloid scales; there are neither barbels nor a fatty fin; 
and the dorsal is situated in the caudal region of the vertebral column, in the 
position of the fatty fin of the salmon tribe. The stomach has liio blind appendage, 
the false gills are glandular and concealed, and the gill-opening is unusually wide. 
In the upper jaw sickle-shaped teeth are borne by the premaxilla), palatines, and 
vomer, the maxilla) being toothless, while the lower teeth are of variable shape. 
The long narrow body terminates in a forked caudal fin ; and the long, broad, and 
depressed snout has the lower jaw exceeding the upper in length. Confined to 
the fresh \\aters of the tempex'ate regions of the three northern continents, pike 
may be considered a western rather than an eastern ty{)e, seeing that whereas the 
CQinmon species has a range equivahuit to that of the family, the whole of the 
other six species are confined to the United States. In Europe the pikt' inhabits 
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all the Russian rivers, with tlio exception of tlioso of the Crimea ami Trans- 
caucasia, and is likewise foun<l in Siberia. In Lapland it extends even beyond 
the limits of the bircli, wliile to the south it is common in the V^enetian lagoona 
Growing very i*apid]y, the pike not uncommonly attains a lengtli of 45 or 46 
inches, with a W(‘ight of 35 or 36 lbs. ; and althougli fishes of mucli larger 
dimensions are on ripcord, the accounts of these must be received with great 
caution. It is pretty well asci^rtained that fisli of 45 inches arii not commonly 
more than about fifteiiii years oM, and the stoi-ies of examples livdng for a century, 
or even morci, appear to be legendary. Pike are among tlie most predaceous and 
greedy of all fresh-water fish, nothing coming amiss to theii' voracious appetites, 
since not only will they devour worms, h^eches, frogs, tJ’out, carp, and other fishes, 
but they pull under tlie young, and often even the adults, of .all kinds of water- 
birds, and have no objection to an occasional water-vole. Tlndr habit of l^dng 
like a log in the water (from whicli trait they pi'obably derive their name), as 'well 
as tile sudden rush they make after their prc^y, are well known to all : and the 
damage these fish do to trout-streams is almost incredible. Pik(‘ also great 
devourers of tlie smaller nuuiibers of their own kind. Frecjuenting alike i^onds, lakes, 
and rivers, pike in Ireland spawn as early as February, but in England a inonth 
or two later, wliile in some parts of the Continent tlui season lasts till May. Males, 
which are inferior in siz(j to tlieir consorts, are said to be more numerous than the 
latter; and it is not uncommon fora female in spawning-tinu^ to be attended by 
three or four memliers of the opposite sex, who crowd around her as she lies quiet 
to deposit her eggs. 


The African Beaked Fish, — Family MoiLMrrjD.E. 

The very remarkable fish (Monif f/rifs jxitersi) shown in tlu' upper figure of 
tlie illustration on p. 475, is the best known African re])r(^sentative of a large 
genus of fresh-water fishes confined to Africa, and constituting not only a family 
but likewise a distinct section, to which Professor Cope applies the name of 
Scyphophori. Having the narrow parietal bones of the skull distinct ]x)th from 
one anotlier and from the supraoccipital, these fishes are especially distinguished 
by having each of the pterotics (which lie on each side of the parietals) large, 
funnel-shaped, and enclosing a cavity expanding externally, and covered by a 
lid-like plate of bone. The anterior vertebrae are simple and unmodified; and 
a subopercular bone is present in the gill-cover. Externally both the body 
and tail are covered with scales, but the head is naked, and the muzzle has no 
barbels. In the upper jaw the mid<lle portion is formed by the united premaxilte, 
and the sides by the maxillne ; the gill-opening is reduced to a small slit ; there 
are no false gills ; and the air-bladder is simple. A fatty fin is wanting ; and 
whereas in the typical genus all the other fins are well developed, in the allied 
Gymnarclt'ns (which is likewise exclusively African, and is sometimes I’egarded as 
the representative of a distinct family), the caudal, anal, and pelvic fins are want- 
ing, the tail tapering to a point, instead of terminating in a deeply forked fin. 
The beaked fishes are divided into groups according to the length of the dorsal 
fin and the form of the muzzle, the figured species belonging to a group dn which 
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the dorsal fin is relatively shoi’t, scai^ccdy exceeding the anal in lengtli, while the 
muzzle is long and hent down. From its nearest allies tlie species in (piestion is 
<listinguisViod by the profluction of the exti‘cmity of the lower jaw into an 
elongated, conical, dependent, flesliy appendage, nearly t‘(jual in lengtli to half 
the head. In colour the skin is dark brown, relieved by two lighter crossbands 
between the dorsal and anal fins. Other species liave the muzzle shoi’t and blunt ; 
and whereas some grow to a length of l)etween and 4 feet, others are compara- 
tively small fish<*s. No less than elev(*.n species of this genus are found in the 
Nile; which, together with some of the West African rivers, is likewise the home 
of the single repri^sentative of the genus (J y'uvnarcJuis. In form the latter fish 
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is eel-like; its jaws b(‘ing armed with a series of incisor-like teeth, and its length 
reaching to upwards of G feet. Both genera are furnished with a pair of organs 
lying on the two sides of the tail, which are stated to be transitional in 
character between ordinary muscle and a true electric organ; although, if this be 
correct, "^it is difficult to conceive what can be the object or use of such a structure. 
Ea^i consists of an oblong capsule, divided by vertical partitions into a number of 
chambers filled with a gelatinous substance. One of the species (iV. o.vyrltynchus) 
from the Nile, is frecjueiitly depicted in the frescoes of the ancieftt Egyptians. 

SECTION ISOSPONDYLI.i 
The Feather-Backs, — Family NoTorTEUiDJE. 

According to the classification we are following, the whole of the remaining 
members oFthe tube-bladdcred fishes form a group denominated Isospondyli, and 

• 1 On p. 3J33 tlie group Tsospoiulyli is given as of equivalent rank with the Physostoini, of which, in the 
scheme here followed, it should be only a sefction. 
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characterised as follows. The parietal bones arc completely separate ; the 
sympleetic bone, which is wanting in the group last treated of, is present; the 
anterior vertebi’se are simple and unmodilied, and both the upper and lower 
pharyngeal bones are separate. The group includes the least specialised of all 
the bony fishes, and those forming a transition to the ganoids. From the 
peculiar form of the dorsal fin certain fresh- and brackish- water fishes from 
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West Africa and the Oriental region, one of which (Koiopferiis borneensis) 
is shown in the illustration herewith, have received the not inappropriate name 
of feather-backs. They constitub^ a family differing from all the others in 
this section by the tail being tapering and fringed inferioi’ly b;)" a continuation 
of the anal fin, as well as l)y the presence of a cavity in th(^ ring-like pterotic 
bone, the base of the skull being double. Both the body and the head are 
covered with small scales; liarbels are wanting; the mai-gin of the upper jaw is 
formed in fi-oiit by the pnnnaxilhe and at the sides by the maxilla'.; and the 
opercular bones are incomplete. There is no fatty fin, and the (kirsal, wlien 
present, is very short, and situated in the caudal region; the pelvic pair being 
rudimental or wanting. The air-bladder is divided internally into several com- 
partments, ami terminates at each end in a j)air of narrow prolongations, of which 
the anterior ones are in communication with the organ of hearing. A, further 
peculiarity is that the spawn falls into the cavity of the abdomen })revious to its 
exclusion. There are two Indian representatives of the genus, one of which grows 
to a couple of feet in length ; a third is Bornean, and the other two are West 
African. An extinct species has been described from the Eocene of Sumatra. 

The Southern Pikelets,— F amily GalaxiiDjK. 

For want of a better name we may designate by the name of southern pike- 
lets agtUHis of small fresh-water fislies from the Southern Hemisphere, one of which 
{Galaxias atU'muvtm) is represented in th(i lower figuni of the illustration on 
p. 475. Together with the members of the next family, these fishes are dis- 
tinguished from the other gemera of the present sectional group noticed here by 
having the base of the cranium simple, the tail being round(‘d or forked, and the 
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pterotic bone devoid of a cavity in its interior. Externally those fishes may be 
recognised by the naked body and the absence of barbels ; the fatty tin being 
absent, and the inediuni-sized dorsal opposite the anal. Internally the air-bladder 
is large and simple ; and the eggs, as in the last family, fall into the abdominal 
cavity. B.epr(Nsented by rather more than a dozen species, the largest of which 
seldom exceeds 8 inches in length, these fish are of especial intm*i*st from a 
distributional point of view, since they occur in such isolated areas as New 
Zealand, New South Wales, Tasmania, and the southern extnmiit}' of South 
America.^ From their spotted bodies, the New Zealand representatives of the genus 
were formerly known as trout by the colonists. An allied New Zealand genus 
{Nppch(tnna\ represented by a single species, difiers in the absence of pelvic fins; 
all the known specimens of this singular form having been found buried in burrows 
of clay or hard mud at a considerable distance from the water. 
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The Arapatmas, — Family Osteoglossidje. 

Agreeing with the last family in the conformation of the base of the skull, 
the large tropical fresh-water fishes, which may be collectively known as arapaimas 
(although thia name properly belongs only to the Brazilian species here figured), 


47B 


TUB E-B LADDERED GROUP, 


are fully as interesting as the latter from their geographical distribution, 
which presents a curious general similarity to that of the existing lung-fishes, 
although in the ])rcsent instance one of the genera has a much wider range thmi 
either of tlie lung-fislu^s. In confirmation of the northern origin of the present 
group, it is nott‘Worthy that an arapaima exists in Sumatra, and also that an extinct 
genus (l)a/ie(((Kjlo,sf^as) occurs in the Eocene strata of the United States. From the 
preceding tlie more typical representatives of this family are structurally dis- 
tinguished by the upper pharyngeal bones being thi*ee, instead of only two in number. 
Externally these fishes have the body covered with large, hard scales of a mosaic-like 
structure : the lateral line being formed by wide openings of the mucus-canal ; and 
the scaleless head nearly covered with roughened ossifications of the skin. The 
margin of th(\upper jaw is formed both by the premaxilhe mid inaxilhe, the gill- 
openings are wide, and false gills are wanting. The long dorsal closely resembles 
the anal fin, over which it is placed in the caudal rcigion of the body ; both coming 
very close to the tail-fin, with which they may unite as an abnormality. In 
structure the air-bladder may be either simple or divided into cells. 

The true arapaima {Ar(q}ai')na of tlui larger rivers of 

Brazil and the Guianas, wliich is the sole i‘opresentative of its genus, 
occupies the pi'oud position of being the largest fresh-water bony fish, its length 
not unfre(iu(‘ntly exceeding 15 feet, while its weight may reach upwards of 400 lbs. 
As a genus, it is distinguished by the broa<l cleft of the nioutli, in which tluj lower 
jaw is very proii\inent, and the absence of barbels, as well as by th(i rounded lower 
surface of the body, and the moderate length of tlu^ pectoral fins. In addition to 
an outer series of small conical teeth in the margins of the jaws, there are rows of 
rasp-like teeth not only on all the bones of the palate, but likewise on the tongue 
and hyoid bones. In spite of its enormous dimensions, the arapaima is captured 
by the natives of Brazil with a hook and line ; its flesh being highly esteemed as 
food, and in a salted condition largely exported. It is also taken by being struck 
with an ari'ow, to which a line is attached ; ami a graphic account of this method 
of hunting is given by Schomburgk. It appears that a party go out in a boat, 
and row about until a fish is sighted, wIkui the bow and arrow are brought 
into re(]uisiti()n, and if the shot be successful, the monster is at length landed. 

Barbelied The four representatives of the typical genus Odeofjlossiun may 

Arapaimas. <listinguished from the last by the presence of a pair of barbels to 
the lower jaw, the obliquity of the cleft of the mouth, the sharp lower surfacb of 
the body, and the? greater length of the pectoral fins. Of the four species the first 
is American, and has the same distribution as the tme arapaima, the second occurs 
in Sumatra ami Borneo, while the other two are Australian. The two latter liave, 
however, but a very local distribution, the one (0. leicliarcUi) being confined to the 
rivers of Queensland, where it is known to the natives as the barramundi, and to 
the colonists as the Dawson River salmon : while the second (0. jardhiei), which 
is distinguished by the absence of a spine to the anal fin, inhabits the rivers dis- 
charging into the Gulf of Carpentaria. The flesh of both these specips is highly 
esteemed as an article of food. 

Smau-Mouthed The third genus of the family, which includes only a single 

Arapaima. species (Heterotis nilotica), diflfers from both the foregoing ^in having 
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the pharyiigoal bones numerically the same as in the southern pikelets, on which 
account Professor Cope regards it as the type of a distinct family. Uitfering from 
the other two genera in the comparatively small size of the clc^ft of the mouth, and 
also in the apj)roximate e(iuality of the length of the jaws, this fish has no barbels, 
and only^ a single sei*ies of teeth in the jaws, teeth being also present on the 
pterygoid ami liyoid bones, but wanting on the vomer and palatines. A further 
peculiarity is to be found in the presence of a peculiar spiral organ on the fourth 
gill-arch : and the air-bladder difiers from that of the other members of the family 
in its cellular structure, while the stomach comprises a membranous and a muscular 
portion. The fish in question is found alike in the uppt‘i’ Nile and in the livers of 
Western Africa. It grows to about 2 feet in length. 

IJoon-Eye and Chisel- Jaw, — Families IIyodontw^e Pantodontida:. 


Each of the two fishes figured in the annexed illustration is the only I'epresent- 
ative not only of a genus, but likewise of a separate family ; these families agreeing 
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with all the remaining ones of the present section in having the pterotic bone 
normal, tlm base of the skull double, and four upper pharyngeal bones, all of which 
are distinct, and the third the largest and directed forwards. In the first family 
' the parietal bones are united, and there are two true tail-vertebra> in front of the 
complex Jione.sujpporting the rays of the caudal fin. 
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Externally, tlie moon-eye {Hyodon tergisiis), as the single 
representative of the first of the two families is popularly termed, has 
the body covered with cycdoid scales, the head naked, and no barbels. The margiji 
of the upper jaw is formed by the premaxilhe in front and the maxillae at the sides, 
the latter bones being articulated to the former at the point of junction ; and all 
the elements of th(i gill-cover are present. There is no fatty fin, and the short 
dorsal is placed in the caudal region, above tlie fore-part of the longer anal ; the 
caudal fin being forkt‘d. Tlie gill-openings are wide ; the stomach is horseshoe- 
shaped, the intestine short, and the air-bladder simple ; false gills being absent. 
In form the body is oblong and compressed, with a part of the lower surface form- 
ing a sharp edge ; and the cleft of the mouth is somewhat oblique ; all the bones of the 
palate bearing small teeth, and the edges of the tongue carrying a larger series. 
Before their exclusion, the eggs fall into the cavity of the abdomen. The moon- 
eye, shown in the lower figure of the cut on p. 479, grows to a length of from 
1 foot to 18 inches, and is confined to the fresh waters of North AiiKuica, where 
it is abundant in the lakes and rivers of the western side of the continent. 

The small fish (Paniodon buchliolzi) represented , in the upper 
figure of the cut on p. 479, was discovered not very many yi^ars ago in 
the rivers on the W(‘st Coast of Africa, and takes its name from the sti’ong dental 
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armature of the jaws. Remarkably like a cyprinodont in external ajijiiearaiice, 
this fish has the body covered with relatively large vscales, and the sides of the head 
with bony plates ; ithe margin of the upper jaw being formed in front by the united 
premaxillsB, and at the sides by the maxillm. The short dorsal fin is situated still 
further back than in the last genus, its front margin being considerably behind 
that of the rathe^ longer anal ; both the pectoral and pelvic fins are very tall, the 
rays of the latter forming isolated filaments, and the caudal is long and pointed, 
with some of its rays projecting. The muzzle is blunt, and the cleft of the mouth 
directed upwards. In the gill-cover there is only an opercular and a preopercular 
bone, the gill-openings are wide, and the brancliiostegal rays are numerous. 
False gills are absent ; the air-bladder is simple ; and the ovaries of the female, 
and the corresponding organs of the opposite sex, are furnished with a duct. 
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The Beaked Salmon, — F amily Qonohuynciiw^:. 

A third fish of tlio present section, constituting a family by itself, is the so- 
called beaked salmon {GonoTliyrichnsgreyi) from tlie seas of the Cape, Japan, and 
Austiuliav Agreeing with the two preceding families in the absence of a fatty liu 
this fish differs in having barbels to the mouth, while in the tail there is no true 
caudal vertebra. Both the head and body are completely covered with scales, of 
which the free edges are spinose ; and the margin of the u})per jaw is formed entirely 
by the short premaxillse, wdiich are continued downwards over the maxilla?. The 
short dorsal fin is situat(*d far back on the body, above the pelvic pair, the still shorter 
anal having a more posterior position; and th<i tail-fin is slightly forked. The 
gill-openings arc narrow, the air-bladder is wanting, and tlui stomach simple. 
Measuring from 32 to 18 inches in leng*th, this fish seems to be partl}^ pelagic 
and partly littoral in its habits; being found in New Zealand, where it is known 
as the sand-eel, in bays wdth a sandy bottom, while els<*where it has been taken 
inf the open sea. In New^ Zealand its flesh forms an jirticle of food. The family 
is jjjilso repnesented by an extinct genus {N otogoneih^) from the Eocene of the 
United States. 

The Scopeloids, — Ysmilj Scopelid^k 

As an example of an important family of, for the most part, pelagic or deep- 
sea fishes, we select the so-called phosphorescent sardine, Scopelxis ruffraulis, as 
being a member of tht‘ typical genus. ^Ihe members of this family agree with the 
last in having the parietal bones united and no true tail-vei*tebra, but tla^y may 
be distinguished ext(‘rnally by the absence of barbels and the pr(‘sence of a small 
fatty fin some distance' behind the dorsal, and likewise by the want of spines on 
the scales, wlu;n the latter an' present : some genera having the body scaled, while 
in others it is naktid. The margin of tlu^ upper jaw is always constituted solely by 
the premaxillaK the gill-cover may be incompletely developed; the gill-opening is 
wi<lo; false gills are present; but an air-bladder is wanting. The intestine is 
remarkable for its shortness; an<l the eggs are enclosed in the sacs of the ovaries, 
whence they are extruded by means of <lucts. Containing a large number of 
existing genera, the family is likewdse represented by several extinct types, the 
earliest of which dates from the Cretaceous of Istria. 

* In the typical genus the body is oblong in form and more or less markedly 
compressed, with the investing scales of large size. Along the sides run series of 
phovsphorescent spots; while similar glandular structures may in some species 
occur ’on the front of the body and on the back of the tail. The cleft of the 
mouth is unusually wid(^ ; the premaxillary bones being long, slender, and tapering, 
and the maxillre well developed. The teeth are villiforrn, and the eye is relatively 
large. The pelvic fins are inserted just in front of or immediately below the line 
of the foremost rays of the dorsal (which is situated nearly in the middle of the 
length of tlie body), and are composed of eight rays ; the fatty fin is very small ; 
the anal is generally long ; and the caudal forked. There are from eight to ten rays 
in. the branchiostegal membrane. Ur. Gunther writes that the fishes of this genus 
are smay, of truly pelagic hs^bits, and distributed over all the temperate and 
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tropical seas; they are so nmnerous that the surface-net, when used during a 
night of moderate weather, scarcely ever fails to enclose some specimens. They 
come to the surface* at iiigbt only ; during the day, and in very rough weather, 
they descend to d(‘ptlis where tluy are safe from sunlight or the agiti^tion of the 
water. Some speci(‘s never rise to tlui surface ; indeed, scopeli luivo been brought 
up in the dredge from almost any depth to two thousand five hundted fathoms.” 
Upwards o£ thirty spticies of this genus are known, and there is also an allied 
genus {GijiiVito,scopch('>s) distinguished by the absence of scales. 

Among several other remarkable forms of the family, we may especially 
notice a very curious fish {Ipnops) obtained at great deptlis during tlie voyage of the 



CludUmger. Possessing an exti’emely elongate and cylindrical body, covered with 
large, thin, deciduous scales, this fish has a depressed head and an elongate, broad, 
spatulate muzzle, of which the whole upper surface is occupied by a luminous or 
visual organ, divided longitudinally into two halvt*s, and representing the highly- 
modified eyes. The whole length of this strangt‘. fish does not exceed be^tween 5 
and U niches. Another deep-sea fish (PlagyodiiH) is noteworthy on account of 
its large dimtmsions, and the formidabhi armature of its mouth ; the scalelcss body 
being long and compressed, the snout mucli produced, and the* teeth of the jdws 
and palate ot very unequal size, some forming long and sharp] y-pointed tusks. 


The Phosphorescent Scopeloids, — Families BTKnKOPTYCiiWB^: 
and Sro.irATEID.'K. 

More or less nearly allied to the scopeloi<ls arc two families of deep-sea or 
pelagic fishes usually liearing phosphorescent organs along the sid(\s of the body; 
an example of each being represented in the accoir]panying illustration, 
silvery Light- The fish {Photichthys argentew) shown in the upper figure ^of the 
Fish. illustration, is taken as our representative of the first of the twe 
families, of which, in addition to tjtie phosphorescent organs, the leading characters 
are as follows. The body may be either covered with thin decirljuousvscales, or 
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entirely naked ; barbels are wanting ; and the fatty fin is either rudiinental or of 
very minute size. Both the premaxillm and maxillae take a shai*e in the formation 
bf the margin of the upper jaw, and bear pointed teeth of variable length. The 
bones of the gill-cover are not fully developed; the gill-opening is of great width ; 
false gills may or may not be developed ; and, when present, the air-bladder is of 
simple structure. The ovaries arc fuimished with ducts. Whereas in the figuretl 
species the teeth are small, in the allied genus Chauliodus they are greatly 
elongated, and thus indicate highly predaceous habits on the pai*t of their owner. 

• Hedgehog- The members of the s(5Cond family, of which the bearded 

Mouths. hedgehog-mouth (EchLosUynm harbatum), shown in the lower figure 
oh our illustration, is taken as an example, may be readily distinguished from the 
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pitceding by the presence of a long barbel to the hyoid ; the skin being either 
narked or covered with excecnlingly delicate scales, and the fatty fin (as in the 
figured specimen) frequently wanting. In other cliaractors these fishes closely 
resemble ihose of the preceding family. When a fatty fin is present, as in the 
genus* Af^irone.sthes, the rayed doiml is of considerable length, and placed in 
advance of the anal; but in the other genera both the anal and dorsal are short, and 
placed opposite to one another a short distance in advance of the forked caudal. 
In the genus represented by the figured species, the body is naked and the pectoral 
fins are filamentous ; but in the allied Sbrniias there are exceedingly small scales 
which scarcely overlap one another. Occasionally met with floating in a hcilpless 
cc)ndition, these fishes have been dredged from depths of eighteen hundred fathoms ; 
and it will not escape the notice of the reader that, although dwelling in total 
darknesifc they, like most of their allies, have well-developed eyes. On this point, 
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Monsieur Filhol writes that “ the existcuice of eyes iu fishes whicl\ we believe to 
live in a dark inedinni, seems at first sight impossible to understand. But this fact 
receives an explanation wlieii we learn that the creatures furnished with these 
organs are covert'd with a coating of luminous mucus, or bear ])lK).'^phorescent 
plates. The phosphorescence with which the fishes of the oci'aii deptlis are endowed 
serves indeed both to guide them and to attract tlieir prey, filling foi* thenidn the 
latter case the same (office as a toi‘ch in the hand of a fishei’inan. This peculiarity 
has been long noticed in surfac(‘-tishes which jnirsue their prey at night; Bennett, 
for instance, having d(\scril)ed a shark which gives off a bright giH'eii phosphor- 
escence from the lower suidace of its body. On one occasion that zoologist 
brought into a room a freshly-caught specimen ot* this shark, upon which the 
whole chamber was illuminate<l with the light given oft* from its body. It is 
probable that the different specii's of sharks living at modiTate depths, like the one 
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described by Bennett, make use of their luminosity solely for the purpose of 
attracting thcii* prey within reach. In most cases the o)*igin of this light-giving 
mucus must be attributed to glandular organs distributed along the flanks and tail, 
on the head, and more rarely on the back. There exists, however, in certain fishes, 
which lack the.se glandular organs, an apparatxis of a totally diftei’ent nature for 
the emission of light ; this apparatus consisting of a kind of biconvex transparent 
lens closing the front of a chamber filled with clear fluid. This cavity is carpeted 
by a blackish membrane, formed of hexagonal cells, thus recalling the retina of the 
eye, and is connected with certain nerves. Phosphorescent plates of this type 
may be situated either beneath the eyes, or on the sides of the body,’’ one of the 
fishes thus furnished belonging to the family now under consideration, in which it 
forms the genus Mulacostam. A specimen of this fish captured before death had 
ensued was observed to emit a yellowish light from the uppermost plate beneath 
the eye, while tliat from the lower plate had a greenish tinge. In the genus 
Stomias, continues our author, “ the sides of the body present a double longitudinal 
series of phosphorescent plat^, which emit light in such a manner as to, pause the 
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whole fish to be bathed in a brilliant luminous halo. This fish must, indeed, bo a 
formidable creature* to the other inhabitants of the ocean abysses ; bein^ in every 
.way constructed and ariiKid for strife, and its powerful teeth admirably fitted 
to seize and tear the flesh of the other fishes upon which it preys.'' In othei* 
species Emioinitw) the barbel is greatly lengthened, all thci fins form long 
denta£(5d filaments ; tin*, whole ol‘ the.se structures being apparently modified for 
the eiuission of phosphorescent light. In our figured species not only are there 
luminous flots down the sides of the body, but also larger plates beneath the eyes. 

The Douab, — Family VililiOCEisTniDA:. 

With the fish .represented in the accompan^^ing illusti’ation, which ranges 
from the Red Sea to the Malay Archipelago, and is commonly known in the East 
as the dorab {('h trocnitrii^s dorah), we coim^ to the first of what we may term the 
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lierring and salmon groii[), the more typiciil members of which differ from the 
pr(*ceding families of this st*ction in having the parietal bones of the skull separated 
from one anothei* by the intervention of the supraoccipital. In common with the 
h(*rrings, this fish, which is the sole representative of its family, has but a single 
trut* taibvertebj'a. Externally the body is covered with thin deciduous scales; 
barbels, and a fatty fin are alike lacking : but the elements of tlie gill-covers are 
fiflly developed. Th(^ margin of the upper jaw is formed partly by the premaxillse 
and partly by the maxilla?, which are firmly welded at their junction ; the short 
dorsal 'fin is situated in tlui caudal region of the vertebral column above the much 
longer anal, the tail is deeply forked, thi? pelvic fins are minute, the lower 
surface of the body is sharp, the gill-opening wdde, and false gills wanting. The 
upward direction of the cleft of the mouth, which is armed with formidable teeth, 
coupled with the elongation of the lower jaw, gives a rather peculiar expression to 
tlie hqad, and the eyes are remarkable for being covered with skin. The stomach 
is furnished with a blind appendage, the intestine is short, and the air-bladder 
celjulated. As this fish attains a length of fully a dozen feet it is a sufficiently 

formidable monster, and when captured is said to bite viciously at every object 

r • • 
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within reach. Its flesh is of poor quality. It has been considered that the extinct 
Chiromysi/iiH, from the Eocene of Brazil, may belong to this family. 

Long-Finned Heuhing, — F amily Bathythrissuj.b. 

Althougli its osteology lias not apparently bec‘ii described, we may place here 
the tish {Batliythrism domilis) shown in the illustration on p. 485, which is 
another of the numerous forms in the present section repn^senting a family by 
itself. Having an oblong body, with a rounded under surface, invested with 
cycloid scales, the head naked and devoid of barbels, and no fatty fin, this fish may 
bo at once I'ocognised by the great length of the inany-rayed dorsal fin, which 
occupies nearly the whole l(‘ngtli of the back, and is situated in advance of the 
shoi't anal. There is no air-bladder, and very small eggs are produced by the 
ductless ovaries. This fish, which attains a length of two feet, has been obtained in 
Japanese waters at a deptli of between three and four hundred fathoms. 


The Extinct Saurodonts, — F amilies ExcnomxTWA:. 
Aaurocepbjljikk, etc. 




Before proceeding to the consideration of the hc^rrings, we may briefly refer 
to a group of mor(‘, or less closely allied extinct families, mainly eharacteristlff of 
the Cretaceous period, but also represented in the low(‘i‘ Teitiaries. From the 

larg(‘ size of their 

sau redout fishes. 

SKELETON OF A SAl^RODONT FISH {Eurf/pIioHs). . . 

I h(‘ first family 

{Derceiidoi) is typified by the genus Dnvefls, of the Chalk, and is (*liaract(‘rised by 
the elongated form of the body, the largo size of the teeth, which are implanted in 
sockets, and the presence of several rows of large trianguhy bony plates along the 
sides of the body ; the muzzle being fri^quently produced into a beak, and the dorsal 
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fin single. N(^arly allied is the familjr (Kuchodoniidoi) rcpr(‘sent(M.l by the widely 
spread Cretaceous genera E ucliod and EiivypJiol \ tlies(‘ fishes having the body 
moderately compressed, and either naked or partially protected by bony plates, 
and the elongated upper jawbones armed (like those of the lower jaw) with small, 
immovably welded teeth. To a third family belongs the genus Saurocepfialnfi^ 
from the North American Cretaceous, which, together with the allied forms, has 
the body much compressed, the large upj)er jaw armed with powerful teeth, usually 
set in sockets, and a single series of similar teeth in the lower jaw, the palatine 
bones being toothless. A peculiarity of the vertebrm of these fishes, witli the 
exception of those of the neck, is the presence of two deep grooves and pits on 
their sides. Some of these fish attained huge dimensions; the American and* 
Australian Cretaceous gcuuH Portheus being distinguished by the presence of an 
enormous bony crest in the middle line of the skull. 
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Thk Herring Tribe, — Family Gluveidj^, 

Second to none in tlieir commercial importance, the licrring tribe are remark- 
able for the enormons numl)er of individuals by which several of the species 
are represented rather than for the multiplicity of the species themselves; this 
being^’ probably one of the chief reasons for the great value of these fishes as a 
food-supply. Although the existing representatives of the family may bo readily 
distinguished from th(i sal monoids by the absence of a fatty fin, yet extinct forms 
indicate such an intimate connection between the two groups as to induce some 
naturalists to include both in a single family. Whatever may be the ultimate 
verdict on this point, in a work like the present, where we are mainly concerned 
with living types, it is obviously prefei'able to follow the ordinary system. While 
the typical representatives of the family have tlie parietal bones of the skull 
separated by the supraoccipital and but one true, tail- vertebra, in the genus Elojm 
the parietals are in contact, and there are two caudal vertebrm. On this account 
it, has been proposed to make the latter genus the t3’pe of a distinct family; a 
similar proposal having been made in tlie case of an analogous departure from the 
ordinary type among the sal monoids. In addition to the absence of the fatty fin, 
m^[^ herrings are chai‘act(U'is(al by the presence ol‘ small bony platcis on the lower 
margin of the body, lixternally the whole body is scaled, with the lateral line 
mostly wanting ; while the head is generally naked, and the muzzle always witliout 
barbels. The under surface is more or less compressed, and generally so much 
so as to form a sharp edg(‘, which is usually serrated. In the gill-cover the foui* 
elements ari^ pr(‘sent, and the gill -openings are in most cases very wide. Both 
preinaxiih'e and maxilL’c enbu* into the formation of the margin of the upper jaw, 
but each of tlu^ latter bones is pc^culiar in being composed of three separate pieces. 
The single short dorsal tin has a small or moderate number of weak ra3\s, and the 
anal may be many-rayed. The stomach is furnished with a blind sac; the air- 
bladder is of more or less simple structure ; and well-developed false gills are usually 
present. Distributed over all temperate and tropical seas, h(U’rings are mainly 
littoral fish(‘s, none of them bdng inhabitants of deep water, and none truly 
pelagic. Although the majority an^ marine, many of them will enter fresh water, 
and some livti permanently thei*ein, while it is ju'obabh? that all can be acclimatised 
to*such conditions. As might have been expected fi-om tludr generalised structure, 
heiTings are an ancient group, the typical gimus dating fi*om the period of the 
dialk, while anchovies and other existing g<‘neric types are known from the 
Eoceyie. A numbtu' of more less nearly allied Cretaceous genera appear to connect 
the family very closely with the higher ganoids. 

. The common herring (Clupea fumniffus) belongs to a group of 

Typical Group. characterised by the equality in the length of the two jaws, 

the presence of free fatty lids to the eyes, and the seiTation of the lower border of 
the binder part of the body : the typical hel'i’ings being distinguished from the 
allied, genera by the anal fin being of moderate huigth, with less than thirty rays, 
and the serration of the under surface commencing from the chest or point of 
origin of the pectoral fins. Usually the scales are of moderate or large size, 
although they may be small ; the cleft of the mouth is of medium width ; and if 
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teeth are present at all, they are rudimental and deculuous. In position the dorsal 
fin is opposite the anal, and the caudal is deeply forked. Represented by some 
sixty species, the genus has a distribution coextensive with that of tlie family;, 
but whereas the flesh of the majority of its representatives is of excellent quality, 
that of some tropical forms may acquire poisonous properties. In the casq of such 
a well-known fish as the common herring it will be superfluous to give any descrip- 
tion; but it maybe mentioned that this species may be distinguished from its allies 
by the presence of a patch of small ovate teeth on the vomer. It has also the 
dorsal fin situated exactly midway between the extremity of the muzzle, and thj^ 
longest ray of the caudal fin, and the pelvic fins are directly under the doi'sal. 



SHAD, SPRATS, ATfD HERRING {the sliad the others I nat. sue). 


Whitebait are for the most part the young of this species. Common to both sid^s 
of the cooler regions of the Northern Atlantic, the herring ranges eastwards to 
the seas on the north of Asia. Associating in shoals numbering millions of 
individuals, the herring feeds upon crustaceans, worms, insects, and the young and 
other fishes, as well as those of its own kind. “ During the day/' writes 
Mr. J, M. Mitchell, “ the shoals are sometimes observable near the surface, and may 
be seen playing on the water, as the fishermen call it, making a ripple, — a dark, 
roughness similar to what we may see at the beginning of a slight breeze, this being 
somewhat observable without the appearance of either whales or birds, ^hc passing 
near or over them of a boat or ship makes them in.stantly dart off in every dirc^jC- 
tion, leaving the appearance of long trails of light, if at night. We have been 
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informed by fishermen of Newliaven that the herrings take considerable flights out 
of 'the sea; off* Stonehaven, in the month of September, one of these men having 
open a shoal, aftei* tlie spawning-season, rise up out of the water in a vast mass of 
many yards in extent, sparkling and flashing and flying several feet above the 
surface. . On sojiie of tlie coasts, as on those of Norway, the herring-shoals are 
fre(|uently aocompanied or pursued by numbers of whales and aquatic birds, wliiclx 
are all Occupied in preying on them. The large dark masses of the whales rising 
and blowing and throwing up great quantities of the herring into the air, sparkling 
and glittering in the clear winter day ; the constant movements of the birds, with 
their shrill notes, actively engaged in seizing their easily-obtained food, vjdng with 
man in thtdr attacks on the countless myriads of herrings, form a most wonderful 
sight. . . . Wlieri tli^i lierrings swim near the surface, if it is calm weather^ the 
sound of their motion is distinctly heard at a small distance; and at night their 
motibn, if rapid, causes a beautiful bright lino from the phosphorescent (quality of 
the skin ; aii<l it is also said, that when a great body of them swims near the surface, 
tlaiir pvt'senee is ascertained by a strong fishy smell.’' In another passage, after 
stating that tjioideaof fish migrating from the Arctic regions southwards is purely 
erroneous, th(i .smne author observes that “ from all circumstances known of the 
nalju'al history of the herring, in regard to its x isits on our own coasts and the 
coasts of otIuT countries, it is reasonable to suppose that it inhabits the seas in the 
neighbourhood of th(' coasts on wliicli it spawns, and that it arrives at particular 
seasons lu'ar the coasts for tlu‘ purpose of spawning, the shoals Ic^aving the coasts 
immediately thoreaftcii* ; and the early or late, distant or near, approach to the 
coast in different y(‘ars, perhajis depends on the clear and warm, or dark and cold 
weather of the seasons, as w(‘ll as upon the depth of water at tlie feeding and 
spawning-grounds." Herrings liave been kept in a brackish-water pond com- 
municating with the Humber, wlu‘re they became dwarfed in size. 

The much sinallei* s[)rat so abundant on the Atlantic coasts of 

Europe^, differs by the absence of vomerine teeth ; while the shad shown 

in the upper figure of tlie illustration on p. 488, may be distinguished by having 
on(‘ or more black blotches on the sides. In this species, wdiich not only frequents 
thb European coasts, but ascends rivers, and is abundant in the Nile, the bony gill- 
rakors, of which there are from twenty-one to tvveiity-sciven on the horizontal 
portion of the outer gill-arch, are short and stout. On the other hand, in the 
siriiilarly spotted allice-shad {C. aloaa) the gill-i’akei's are very long and tine, and 
number from sixty to eighty on the part mentioned. Both the shads are consider- 
ably ^larger than the herring. Whereas in both the herring and the sprat the 
opercalar bone is smooth, in tlie pilchard or sardine {C. pilchardns) this part is 
marked by ridges radiating towards the subopcrcular. This species is abundant 
in the English Channel, the seas of Spain and Portugal, and the Mediterranean ; 
Vigo Bay being noted for its sardine-fisheiy. 

^ The following account of the sardine-fishery is taktui from the Asian news- 
paper, “ Sardines are migratory in their habits, and the exact locale of their 
winter quarters, despite frequent research on the point, remains a mysterj^ In 
Ordinary years it is the custom for the fish to make tlieir fii-st appearance 
on the ebast of Africa about the end of March, then passing northward in 
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lar^o shoals, they follow tl\e coast of Portugal, crossing the Ba,y of Biscay, till 
tliey strike the. ci^asts of Vendcn^ in the month of April or IVlay. Before day- 
break tlie fishing-boats leave j)ort to search for the shoals ot* sardines; indeed^ 
many leave in the evening and anchor at sea. When a peculiar bubbling of 
the water rev^eals tlu‘ fish, the nets are imm(‘diat(‘ly thrown. Eacli net is 
from 900 to JOOO yards in length, about 8 yards in width, and black in* colour. 
On the upi)er‘ part of the n(‘t are eorkfloats, and on the lower 2)art deaden 
sinkers to keep the net in an upright position. Tla* oarsmen, gtaierally two in 
]iumber, row always either against the wind or the tide. Ojie man casts the net 
as the boat advances, while aiK/thm* ihi*ows the roque into the water. ThA bait is 
an important feature of the sardine catch, as it isexjx'usive, and fislu'rmen often lose 
considerable quantities of it. Ji is juadci of th(‘ ro(‘ of cod-fish or jiiack(‘i‘el mixVd 
with clay, and C(^sts from .‘K)s. to €8, lOs. a barrel, and it is thrown into tlu^ water 
in small balls, which slowly dissolve and sink. At nightfall the boats n^turn to 
2 )oi't, wlu're they s(‘ll tlunr fish to tln^ canmn*s at prices varying according to tht'. 
abundance of tla^ catch and the size and fr(*shness of the fish. Sales ai-e madt* l)y 
the ‘ thousand,’ but this term does not always indicate exactly a. thousand sai*dint‘s. 
For example, at Belle I sl(‘ 1240 fish are su])posed to make a thousand. Fa(3tori(‘s 
for preserving sardin(\s are located at all tin* ports, foi' the fish spoil ('asily ami 
cannot bear transportation. Tin*- iisherim^n convey tin* sa-rdiiuvs to tins factoriilf in 
baskets. The proc(‘ss of canning is as follows: — 'Tin* sardiinss are spr(*ad on boai^s 
and salted, and the heads ri^moved. 'I'he^>^ ih(*n thrown into Inane, wln'i'e thiy 
3’t‘inain half an hour. 41n‘y are in‘xt waslnal in clean water and dried on sovens. 
This work is done almost entirely by the wives and children of the fishermen, 
their united wages during the season (mabling tin* family to subsist during the 
following winter. After tlu* fish hav(* be(*n thoroughly dried they are cooked by 
dipping them for a few minutes in oil heated to 212 F. They arc again drained 
and handed over to Avorkmen, who pack them in small tin boxt‘S, which ai’e filhul 
Avith pure olive oil and then soldt*r(‘d. The oil used is inqjoiTed from the 2 )rovince 
of Bari, Italy. The boxes arc* next thi*oAvn into hot Avater, Avh(*r(' tln‘y ]*emain for 
two or three hours, accordijig to the size* of the box(*s. When AvithdraAvn, the boxes 
are first cooled, then rublKsd Avith saAvdust to clea-nse and j)olish them, and 2)ackcd 
in Avooden cases of one hun(h“(‘d boxes for export : during their immersion in the 
boiling Avater oil will escape from all boxes Jiot 2>ro]ierly soldered, and in such cases 
tike loss is sustained by th(^ solderiir, but so skilful are those in the craft that a good 
Avorkman rarely missos more than tAA^o or threti boxes ])er hundred Periodically 
th(^ fish entirely disaiqjear for a season or so from th(^ coasts of S 2 )ain, France, and 
Italy." 

Freah-Water Espt'cial interest attaches to the Austi‘alian fresh-AA^ater ht*n’ings 

Herrings. (J)ij)h>Qu///sf iLs), Avliich differ fi‘om the ty 2 )ica] genus in liaving a series 
of bony plates siinilaj’ to those on the lower surface IxitAVcen the back of the head 
and the dorsal fin, since a similar typo of fish has be(ui long known in a fossil state, 
having been obtained from the Cretaceous rocks of Jh*azil and Syria, and the Lower 
Terti^y of the United States and Britain. The persistence at the present day of 
this ancient type of herring in the fresli waters of Australia is an instance 
of the survival of primitive forms of life in that region. 



SMOOT/f-f/EAnS AN£> SOUTHERN SALMON, 


Tlio coirinion anchovy of tlie MiHliitn'vaiiQmii {E tigraidis encnti^- 
sicholtis) i.s 11 10 typical I’ejirosciitativo of a second widoly-sprciad 
^enus, with over forty spocit‘s, ditl'orin^ from the last hy the more or less m^arly 
conical muzzle projecting- hevoiid the lower jaw, and also by the ('yes being covered 
with skin; “wliile tiu‘. cKd't of tlie mouth is deejj, and the tail-tin forked. In most 
cases each *side of the body is ornamented with a broad longitudinal silvery strip('. 
The common anchovy is mc^t with off thti scjuth- western (toasts of England, but 
wanders still furtlu'i* to the north, and sei’V(^s to supjdy tlu' markets of the wcn-ld. 
Home species luivo tli(‘- rays of the pt'ctoral fins ])roduc<‘d, and thus ](.'ad on to tin' 
allied (Jricmtal gmus Coil hi, in which the foi-emost rays of th(‘se tins are fila- 
numtous, and the (‘xcc'c'dingly long anal fin (extends backwards to join the caudal. 

• A V(‘ry distinct group, which, as alriawly nuiiticmed, is ix'garded 
by sonre as a. distinct faniily, is ty})ically ivpresented l>y the two 

species of the trojnc'.al and subtropical genus ys7o/>.s*. In addition to tlu' characters 
of the skull notict'd in p. 487, tlu‘se tish have the lower jaw longer, a. thin ])late of 
bone extcniding backwards from tlu' point of union of the two bi*a-nches of the 
l( 3 wer jaw, and the wlicjle umler surface of the body smooth and rounde<l. The 
commwi s])(‘Cies grows to a yard in Uiigth. An allit'd type {Rliorholrpis) occurs 
in the (Testaceous i-ocks (jf Ih-azil. 

The earlie'st allies of the luTring tribe seem to b(' tlu' (‘xtijict 

• ’ slend(‘r-scales (LrpfolrjHil hhv), of which there are a considt'ralde 
number (jf s[)(‘ci(‘s, i*anging throughout tlu^ Jurassic ])eriod. In tlu' ty])ical 
Lrptolrjrls the dorsal tin is })lac(‘d immcKliatcdy over the p('lvic ])air, but in the 
neaj*ly allied Th rlssops it is ()V(*r the anal. Although tlnu-e are a number of other 
extinct gi'iu'ric types, more' or less closi'ly rt'lati'd to tln^ henings, it is impossible 
to <'nt(‘r into their C(jnsid(‘i*aiion here, and we accordingly pass on to 


Slender-Scales. 









BLACK SMOOTH-HEAD lUlt. .size). 


The Smooth-Heads and Soothern Salmon. 
Families A LEPorErifJLW,E nud HAPLonniToxw,E. 


1 he first of these two families is typically nmrcsentiMl the 
Bmooth-Heads. i- i • i i *4.1 

• genus A of which a speems {A. utijer) is shown m tla^ 

annexed illustration. While agreeing with the typical sal monoids in the jftructure 
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of th<-* Hkull and t}i(‘ pvosoncc ol* two ivuv tail-v"(‘rt(jbia^, as well as in other features, 
tliese fish may he <listino'uisl)(*<l hv the ahs(‘iKH‘ of the fatty lin. Whereas barbels 
are invaria]>ly absent, and t]u‘ head is always naked, th(‘ body may l)e either scaled 
or bare, llotli prtanaxilhe and maxilUe (niter into the formation of the margin of 
the ujiper jaw, the forin(‘r occupying tin* ujipm- front edg(‘ of the latter. All the 
elements of tht‘ gill-eovtn- are pj-esent : i hi* d<jrsal fin is sitnatini opposite tlie anal 
in the caudal region; the gilbopenings are vm-y widtj ; false gills are pivsent; the 
air-bladder is wanting ; and the curved stomach has no blind apjiendage. All 
these lish have the teidh feebly develojied, the ey<^ lai*g(‘, and the b(->nt‘s thin; while 
they are vemarkabh' for their unifoi*mly black coloration. The whole of them are 
d(iop-sea fishes, with an ajiparontly almost cosmopolitan distribution, some of them 
having been taken at a dejjth of ovt‘r two thousand fathoms. Whereas the body 
of the typical genus is covered with thin cycloid scales, in another type the place of 
these is taken by fine granules. 



ZEBIIA'SALMON. 


^ , By this narm; may be* designated two genera of fresli-wate.r lisli, 

SOUvllGni SstluioiL ^ ~ 

constituting a family which represents tin* salmonoids in the Southern 

Hemisphere ; the zebra-salmon {HapIocJnfoit, zrhra) being figured as an example of 

the typical genus. Like, the salmon and lierrings, di^void of barbels, these fiish 

agree with the forin(*r in the presence of a fatty fin, Vjut differ in having the mai'gin 

of the uppei* Jaw formed sohdy by the pj'cunaxillary bones. The body may be 

either naked or covered with scales; the gill-opening is wide; fals(^ gills are 

present ; and tlie air-bladder is simple. The ovarit‘s ai’e in the foiin of plates, and, 

in the absence of a duct, the egg^s fall into th(‘ abdominal cavity. The specie's of 

the typical genus, which, although devoid of scales, are externally very aiiuilar in 

appearance to trout, are coiifim'd to the lakes and rivers of Chili and the extrenui 

south of Patagonia and the Falkland Islands. In Soutli Australia and New 

Zealand the fctmily is represented by the genus Proiotrocff\s, in which the body is 

scaled and the jaws are armed with minute teeth; the New Zealand species being 

commonly known to the colonists as the grayling. 
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lliE Salmon 'I'rime, — Family 


Witli the .salmon tnb(‘, wliieli include tli.^ finest and ' jramest ’’ of all fivsli-water 
hsh, wo come to the la.st Kcoup of the true hony iishes, winch may he di.stin-ni.shed 
from the preccdinj,r family hy the marj,d>i of the upper jaw hein^^ formed h\- the pre- 
maxillm ni front and hy the max-ilhe at the sides. As a rule, the hodv'is .sealed, 
while the head is invariably naked; the un.ler surface of tlu^ body heiiiy rounded. 



SALMON AND SEA-TROUT (J Dat. Sl?e). 


Inhabiting alike salt and fresh-waters, timse s|)eci(*s which spend a part or the 
Avhole of thoir existence in rivers or lakes are in the main confined to the Temperate 
and Arctic zones of the Nor-tlmrn Hemisi.here, althoujjh one outlying genus occurs 
in New Zealand; and whereas the majority of the marine forms are deep-sea 
fishes, 'two genera arc entirely pelagic in their habits. A considerable number of 
the species inhabiting fresh wniters descend periodically or occasionally to the sea ; 
aiut in some cases it is perhaps rather difficult to say whether these fishes should 
be regarded as.mjirine or fresh-water. All the salmonoids are remarkable for the 
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excellent quality of their llc‘sli, wliidi in many foi*ms is of a more or less stroiigly 
marked pinkish hue, brou;^]it about by the crustaceans on which tlieso carnivorous 
fishes so largely feed. Fossil marine salmonoids, some of which belong to existing 
genera, are known from th<‘ iipp(u- Cretaceous ])eriod, s(‘ve)'al of tluan- apparently 
connecting the family very clos(4y with the hcirrings. As mentioned above -(p. 487) 
tlu‘- more typical members of the family have thi‘ pai'ietal btau's of th(^ skull 
separated from one anotlua* by the siipraocciiatal, but in and Tlnjmallus 

they unite together in front of it. There is, how(‘V(U', a genus {Sfcnodv.s) in 
which both conditions (‘xist, so that there is no justificatioTi foi* making the 
union of tlu^ parietals a reason for rcd'erring (^om/onvs to a family apart. In all 
cases the supraoccipital (‘xtends forwards to join the frontals (passii\g beneath 
the parietals in the gc^nca'a wherc^ thos(‘ unite), and is tlius (juib', di1tei*(‘nt from the 
condition obtaining in the car})S and characinoids. 

Having tlu‘ doi'sal neai’lv or (luite onijosite the piilvic fins, the 

Typical Group. . . - i j i i 

memiK'rs of th(^ typical genus Hiflunt are characterised by tlK‘ small 
size of the scah^s of the body, th(‘ strong and full}^ d(‘veloped teeth, and the ])]*esence 
of not morc‘ than fourt(‘en rays in the anal hn, and of numerous blind appendages 
to the int(*stine. The cl(‘ft of the mouth is always d(‘ep, th(‘ maxilla (‘xbmding uj) to 
or beyond the lim^ of the* vy{\ (Vaiical te(‘th ar(‘ ])r(‘sent not only in th(‘ margins 
of th(‘ jaws, but lik(‘wise on the voimn* and palatine homss, as W(‘ll as on the tongue, 
altlaaigh there ar(‘ Jione on tlu* pt(.*ry golds. Tin* eggs ar(‘ rermu*kabl(‘ for their 
relativ<4y large siz(‘ : and tin* young, ]ik(‘ those of most oi* all th(‘ otlun- g(‘nera, an? 
marked witli dark ci'ossbars. In tin* niah‘s the low<‘r jaw is more devdopt^d than in 
the females, and at certain s(‘as(jns may lx* d(*V(*lop(‘d itito an u])turm‘d hook. 
genus is confined to the colder ])ortions of th(‘ Kortlu‘rn nemis])h(U’e, its souther)i 
limits in thf* Old World being th(‘ riv(‘rs of the Hindu Kush and tln^ Atlas rang(‘, 
and in America, the rivei*s flowing into the lu*ad of the (hilf of C^ilifornia. 

Few zoological subjects have given )*is(‘ to a gn‘at(‘r amount of discussion than 
the life-history of the members of this genus, an<l th(‘ number of species by which 
it is represented. As i-igards th(^ lattiu' point, great ditteriuice of opinion still 
prevails among expfuis. Thus, for instance, Day conside]-(‘d that all tln^. 
indigenous British salmonoids might 1 h‘ ai'j*ang(‘d under thnx* specific types, 
namely, th(‘ salmon, tin* ti’out, and tin*- charr; while otluu* authorities admit an 
fdmost endless amount of speci(‘s. The subject is not one which admits of dis- 
cussion in this work ; and wc‘ shall accordingly confine our notice*, to the salmon, the 
typical sea- and riv(‘r-trout, and tin* charr. As regards tlu^ variability of these 
fishes we may, howew(‘r, ((Uot(* a passage* from Dr. (Itinther, who wrib'.s that ^ these 
are depemhuit on age*, s(*x, and sf*xual <Ievt*lopment, food, and the pi*operti(*s of the 
water. Some of tlu*. species int(*rbrt*ed, and the hybrids mix again with one of the 
pai'eiit sY)eci(*s, thus pi’oducing an offspring more or h*.ss similar to th(‘. pure breed. 
The coloration is, first of all, subject to variation; and conse(|uently this character 
but rar(‘ly assists in distinguishing a species, there being not oiu* which would show 
in all stages of <tevelopment tin* same kind of coloi'ation. The young of Idll the 
species are barred ; and this is so constantly tlie case that it may be used as a 
generic, or even as a family character, not being pt*culiar to A((lrno alone, but also 
common to ThyviaJIus, and probably to Coregoivm. The number of Lars is not 
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constant, hut tlio lui^ratory trout have two (and (‘ven three) more than the 
river-trout. In some waters rivc^:-trout n^niain small, and frequently' retain the 
parr-marks all their lifetime ; at certain seasons a new coat of scales overlays the 
parr-marks^ rendering them invisible for a tinuj. Wh(‘n the salmonoids have 
[)asscd this 'parr' stabs the coloration becomes much more diversified. The males, 
Lsspecialfy duVing and immediately after the spawning- times are more intensely 
coloured and variegated than the females ; spccimtuis whicli have not attained to 
maturity retaining* a brighter silvmy colour, and being inoj'e similar to the female 
HsU. Food appears to have much less inlluetice on the coloration of the outer-parts 
than on that of the flesh ; tlu^ more variegated speciiiu'ns b(‘ing frequently out of 
eoivlition, whilst w(4 1-fed individuals with pinkish flesh ai*t‘ of a more uniform, 
though bright, color, ‘»tion. . . . The water has a marked inilmaice on th(‘ colours; 
trout with intense oca^llatiMl spots Jire generally found in cli^ar rapid rivi^rs, and in 
small open Alpine pools: in ih(‘ larg(^ lak(.‘s with peb])ly bottom the fish ai*e bright 
silvery, and the ocellabMl s])ots ar(5 mixed with or r(‘placed by >C-shape<l black spots ; 
in pools or parts of lakes with muddy or peaty bottom, th(‘. trout ar(‘ of a darker 
colour ^»*enerahy ; and when (aiclosc^l in caves or hoh'S, tluiv may assunu^ an almost 
uniform blackish coloration.” A change of colour also takes ])lace in the migratory 
spech^s with th(‘ renov.ition of the sc, ales, which occurs during theii* residenci^ 
in the sea, the n(‘wly-grown j^ortiou of the silvtay scales (a>nc(*4iling tlui spots; and 
tliis cliange of coloration varies grts'dly ,‘iccording to the h.abitat of the individuals 
of some of the sp(‘ci(‘s. Variations of siz(‘ are also common, these being for tln^ 
most part d(q)end(^nt upon flu^ abundance or otherwist^ of the food, ami the extent 
of tln^ ai;(*a in which the fish dwell; but difiiavnees in this respect also occur 
among tln^ fish InitcInMl from the saiiu^ batch of spawn, .and living und(U’ the same 
C(>nditi()ns. Th(‘ variations in the foiaii and proportions of the body, and more 
(‘Specially in tlu^ ]u‘ad and jiiws, according to age, S(‘X, and season, are likewise very 
import, ‘int, but cannot b(‘ noticed fully. 

The true salmon saJar), t(jgeth<‘r with the kindred species 
and th(‘ trouts, belongs to a gi’oup of tlu^ genus characterised by tlui 
])r(‘S(me(‘ of te(‘th on th<‘ whole haigth of tlie vomer during at least soiiu' period of 
lif'*. In the case of such ,‘i well-known fish — ,‘ind also one which is generally 
j>retty easy to distinguish from its congeners — it will be unnecessary to giv(‘ a 
description. Dr. (Uintlu‘i* gives, however, ccadain characters by which this fish 
iiuty always be idcntificMl, and among these the following may be noticed The 
scal(‘s (.)n the tail arc" of r(‘lativ(‘ly large size, and each transverse series running 
from .bi ‘hind the fatty fin towards the lateral line cemtains only eleven, or occa- 
sionally twelv<*, wlna-eas in the trouts there are from tliiitc^en to fifteen. Secondly, 
the main p,art or body of the vomer carries a single S(‘ries of small teeth, which, 
with advancing age, gradually disappear from behind forwards, so that half-grown 
and adult* individuals have but a few remaining. Having .*1 circumpolar distribution, 
the salmon rangers southwards in America to 41° north latitud(‘, and in the Old 
World to being unknown in any of the rivers flowing into the M(xlitorranean. 
Salmon will grow to a length of between 4 and 5 feet, and commonly reach as 
much as 40 lbs. Much h(‘a\'ier fish are, however, occasionally captured. Among 
these ma;j be nientioned a salmon of 60 lbs. from the Severn in 1889 ; one from the 
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Tay of 02 ]l)s. in 1891 ; a third of 08 Ihs. from the Esk in LSOO; another of 08 lbs. 
from th(^ Tay in 1898; and a iiftli from the sam(‘ i*iv«‘r taken in 1870, whicli 
wtii^liCMl a fraction under 70 lbs. Inhere is an earlita* record of a Ih’itisli salmcn 
of 88 lbs. \veif>‘lit, \vhiJ(‘ a Russian is stated to liav(' scal(Ml upwards of !)8 lbs. 

For tlu‘ following brief skc'tch of t}u‘ lib-history of tlie salmon, are 
ind(9)b‘<l to a pa])(ir by l\li\ (}. Roop(‘i-, from which tlu‘ following extracts, with 
some ^'ei’bal alterations, are taken. Aft(a* mentioniii<>: th(‘. w(^ll-known periodical 
mi^O’ation of salmon, tlu‘ writer obs«a‘V(‘s that tho are d(^posit(‘d by th(' femah^ 
“ some time during* the wintc^r months, in beds of oravel over which a rapid stream 
flows, principally in the upper I'laiches of the riv(‘r, where tht‘ watiT is inorii 
a('‘rat(Ml and fr(a‘ from pollutions of any soit — sincc^ clay, earth, oi* any extraneous 
substances wonhl chok(‘ an<l dt‘stroy the <‘mbrvo lisli. Iivleisl, from the time 
of entering tins riven*, the obj<‘ct of tlu* lish s<‘(‘ms to bi‘ to arrives at its soui’ce. 
Until they have spawoK'd tluw mwer dcsscinid, but, jvsting at times in favourite 
])ools, continually stj*uggl(‘ upwards. ^hdy the lab' fish spawn in the lower 
watei's. I'o such as have only s(*en tin* salmon in jsrinu* condition, the appearance 
of th(i tisli wIk'ii on tlu* (‘\ e of spawning would come as a surpristv The female* 
is tlien dark in colour, almost black, ami hei* sha])e sadly altcn-ed for tlus avoi*s(s 
fi’om that which she prc'sentcMl wluni in condition. As for the male, he is about 
as hid(‘ous as ca.n w(sU Ik* imagined, his gentTal colour ])(nng a diity red, blotched 
with oivinge and dai*k spots. His jaws ar(s elongab'd, ami the lower one fui*nished 
with a huge ]>ea.k, as thick, and nearly as long as a; man’s middle linger: while' Ins 
b'ctli ai’C shai*p and numerous, and his head, from the shrinking of the shoulders, 
appears disproportionally laige*. His skin also is slimy and disagre'ealde to 
handle, and, in fact, scarcc'ly a. more' r(‘])ulsiv<‘ (*re‘atur(' in appearance exists. 
Arrived on tlie spawning-ground the* b'lnah', theai calk'd a, baggit, alom* proceeds 
to foi'in tlie nest, or 'redd ’ as it is b'l-nu'd. This slu' (‘ikrts by a sort of wiiggling 
liK^tion of th(' lower part of lu'r body working on the* loose* grava*!. ]\1any autlioi's 
state', that this is e*Hecte‘el by the* action of the tail, but 1 think the* conve*.x 
Formation of tlie^ body at that pe*rioel woulel prevent the* tail touching the grave*], 
unless the' fish stood at an angle*, of 45'\ in which case^ the* stre'am we)ukl cai*ry 
he'i* down. The*. ]*e*del, a ele‘e*p tre'nch, l)e.‘ing fejrme'd, the feanale procee'els, atte'nde*el 
by the male fish — fre'quemtly by two ki])pe*rs, as tlu*y are* the'n calleel — to de*posit 
her eggs. This she eloes, not all at once, but in small epiantitieis at inteuwals, 
frecjucntly re'hurning to the rede I for the* purposes Tlio e‘ggs are* at once fecundateel 
by the milt of the kippe'i* ; this process going on for two or three days, the fish 
sinking elown occasionally into tlie pool lie'low to re*st and recover their strength. 
The effect of the iertilisation of the ova is to add gre'atly to their specific gravity; 
the eggs sink, and are at once covered with gravel by a similar motiejii on thej 
part of tho baggit to that used in the formation of the rc'dd. Here, tlie process 
l)eing completed, the eggs remain during a period of froni caie hundred and twenty 
to one. hundred and forty days, according to the ti'inperatun* of the water. At 
the expiration of tliat time, the little fish come into existenc<', and, after a feAy days, 
wriggh^ out of their gravelly, bed and sec^k refuge, under an adjacent rock or 
stom*, whore*, tlu'y remain in safety for some twelve or fourteen days longer. 
Till*, appearance, of the young fish at that time gives little promise of the beautiful 
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form to wliicli they sul)se<|U(‘ntly attain. They are iiKletnl shapeless littl (3 
ihoiisters, ino)‘e like tadpoles tluin tish, each fni’iiished with a little bag of 
^lutriment foriiiing a poi'tiuii (^f tins abdomen. On this, for two or three weeks, 
th('y subsist, until it is absoibed, wdieii they take the form of fishes. They ar(i then 
about 1 inch in lengtli, and are known as salmon-fry oi- samhits. A portion of 
the eggs are* washed down tlie stream during the process of spawning, and beeoniii 
the ]>rCy of trout and cither fish which attt‘nd the rt.'dds for the purpose of feeding 
on them. Tri this tluy do no lia-nn whatevto*, for thesti eggs, ])eing uncov(‘r(H| and 
unb'cundated, could never arrive at maturity. The kippers, wlum not actually 
engaged in tln^ si)awning process, swim rapidly about th(‘ ]‘edd, fighting fiercely 
with one anotluT. The use of tlu^ b(‘ak a|)pears th(‘n to comti into operation. 
Many authors (‘la'oneously describe* this ])eak either as a weapon of offence, or as 
a sort of })ickaxe ust‘d in digging out the x*edd ; but it st‘ems to me that iiaturtj 
has* provided this singular excri\scenc(i as a protection and safeguard against the 
savuige attacks made on each otluu*. So large is its sizi*, and so chjstdy doc‘S it fit 
iiito the hole t)r socki't formed in the uppt‘r jaw, that it would appt'ar almost 
impossible f^r the tish even t<3 open his mouth ; l)ut he does so, to somti extent at 
least, and with its cat-like tcM‘th inflicts deej), and sometimes dangerous wounds 
on his antagonists. As to its alleged use as a digging irnph^ment, the substance 
of tfuj beak is cartilaginous, not horny, and by no means hard; it would In*, woiii 
dow*n in tlui ])rocess of digging in ten ininut(*s, and, moreover, the female alone 
])rej)ares the r(‘dd. Aftcu* leaving the stone or rock undi*r which it has sought 
])rotect»on, the young fish grows very rapidly, as is natural in one destined to 
attain such hugi.* dimensions as the salmon. In the course of a month or six 
W(*(ks the fry have attained to the length of 4 inches, and aj‘o then calle(l ‘parr" ; 
when th(‘y bear conspicuously on their bodies transverse marks or bars, which 
ar(‘ common to tlui young of ev(*i*y nuauber of tlui salmon family. Unfortunately, 
tlu*i-(‘ is another litth^ fish, a humble relation of the lordly salmon, also barre<l, very 
similar in a])pi‘arance, Avhich too is called a j)arr, and tht^ idtaitity in name and 
similarity in appeai%‘inc(‘. has occasioned great confusion and conti‘o\’ersy., (‘specially 
iiH they are inhabitants of tin* sanu^ waters, and affect t(3 some extent each other’s 
cOmyfany. Tin* tinai of their r(*maining in the parr stage is also a subject of 
dispute ; and whih^ some say two, ihj-ee, or sonu*tim(‘s Tour years, my opinion is 
that th(‘y rcaiiain om*. year only. In the st^cond Aj)ril of th(‘ir existence a chaiig(‘ 
in the appearanc(*> of tin*. y)aj r occurs, which assumes the silv(‘ry scales of the adult 
fi^h, W(*aring his lu'w np])ai*el over his old bari*t‘d coat. He is innv called a ‘ smolt," 
and^ perhaps, with a wish to exhibit himself in Ids new and beautiful appar(*l, 
evinces a daily incr(‘asing restlessness and desire to (yuit his home. Whth the 
first li<3()(ls in May myriads of these lovi'ly little fishes start on their downward 
journty toward the sea. It is a beautiful sight to watch their movements when 
descending ; and for many <lays the rivcjr teians with them, not a scjuai’e foot of 
watcu* b(*ing without one when tlu^ stream is at all rapid. As fry the smolts were 
exposed to many dang(u*s, but tluy w(‘r(i nothing to those which beset them as 
parrs on theii* jourin^y towards the sea. Tlieir enemies a-rt^ legion. Trout and 
pike d(iV(3ur them ; gull swooy) down and swallow* them wholesale. Herons, 
standing mid-leg deep in the water, pick them out as they pass ; and even their 
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ovvu kindred devour them witliout scruple. Unluckily, too, for them, a certain 
number of great, hungry kelts (as tlie hsli are called alter spawuiing), haviiig 
recovered to a great (‘xtent tludr condition, accompany them on their seaward 
journey, and prey upon their young c()m])anions as they travel; an(l I believe 
that a hungry k('lt will devour u])wards oi* foi’ty or tiity smolts in a day. ^ Arrived 
at the sea, tliii little iisli an^ met by a fj'esli array oL‘ eiumiies. ilie iW'iny (A gulls 
is always with them, and tlu'sc are r(‘inlorce<l by cormorants, divers, and other 
sea-birds, besides whicli slioals of j-avenous lish await tlndr arrival, and assist in 
thinning their ranks. It is womlerful that any should escape, ami, but lor the 
extraordinary fecundity oi* the salmon, they would s])eedily bci annihilated; but 
such is their prolific nature that a remnant always survives to rc^turn to the 
spawning-beds and keep up the sujiply. Buckland calculated ^that the number of 
eggs laid by a salmon was about one thousand to the pound weight, a fish of 
15 lbs. therefore producing thousand eggs. The food of the smolt during 

his sojourn in the sea is abundant, consisting childly of sand-eels, molluscs, and 
marine insects. The smolts increase accordingly vmy rapidly in size, and in three 
or four months the fish that came down 5 or (> ounces in weight returns to the 
I’ivei* from wluuice he came, a grilsi^ of from 4 to () lbs. ; the grilse being the filth 
stage of the salmon’s existence. Uidess accidentally pi*event(‘d the grilse always 
returns to the river from whence it came, and aftm* spimding the autumn and 
winter at home, and providing for the continuance of the family by spawning, as 
already described, returns as a kelt to the sea in th(5 following year, reapp(‘aring 
the ni'xt as a salmon of at least 10 or 12 lbs. widght. ft shmild be added, that, 
after spawning, tlie fish spe(‘dily ricover their colour, and to a great extent their 
condition ; the baggit at once losing luu' dark complexion, and tlui kipper discarding* 
his hideous livery, his great beak being rapidly absor])e(l, his sides bi‘Coming 
silveiy, and his buck assuming a dark bluish ting(‘.'’ 

With reference to tlu^ stateimmt in this account that salmon always retui‘ii to 
the river of their birth, it may be observ(*d that although this is generally tlu^ 
case, th(^ circumstance that salmon occasionally makt^ theii* app(‘arance at th(i mouth 
of the Thames and other rivers which they have ceased to inhabit, shows that 
there are exceptions to the rule. TIk^ obstacles that salmon will surmou'nt in 
their ascent of rivers during the return from the sea are too well-known to rcquin^ 
notice; but it is probable that the height to which they can leap has been 
exaggerated. The period of spawning vari(‘S with the country, taking place lin 
the south of Sweden and North Germany at the latter part of October or Ciariy 
in November; wliile in Denmark it may be defcr]*ed till February or the 
beginning of March ; Nov*ember and December being the usual spawning-months 
in Scotland. 

Trout «pite of their diversity of habitat, and likewise of coloration 

and structure. Day is of opinion tliat the migratory sea-trout, or 
salmon-trout (S, inUUt), and the stationary river-trout (>S' /(trio), as well as the 
various forms from the British lakes, ar(i nothing more than varieties of a single 
variabhj race ; and it must be confessed that no one has hitherto been able to define 
all the nominal British species with anything like definiteness. Still, however, in 
the modern sense of tlie words there is no possibility of drawing a hard-and-fast 
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line between a species and a variety ; and the ({uestion is accordingly of no verj^ 
great iiupoi-tanco one way or aiiotlier. Some of the chai'acters distinguishing the 
salmon from tlie trout have Ix^en already indicatt‘(l on p. 494; and it will suhice to 
note V(uy shortly some of tlje i-i‘asons given by Day for regarding all tluj British 
trout as ^referable to a siiigh* sp(‘cies. It is well known tliat sea-trout — as 
represe^ited -not only by thii typical form, but likewise by the so-called sewen 
{S. (Uihbricas) of tlu^, Welsh riv(‘rs — are silvery in colour, with black spots during 
their sojourn in th(‘. sea; when, howevta*, tliey (alter the rivers for the purpose of 
spawning, an orange margin appears on tht^ u])])er and lower edges of the caudal, 
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and .likewise on the fatty, fin ; whiU' spots of the same colour show theinselv^es on 
the Iwxly. On the other hand, th(‘ nonmigratory forms may Ihj arranged under 
two types of coloration, some loch-trout (which may have l^i'cn originally migi*atory, 
but arc now landlocked) being mainly silvery during the smolt-stag(s and subse- 
cpiently' golden and spotted; while thti estuarine, lake, and river-trout are all 
goLhm, witli purplish reflections, and more or less fully marked with black and 
vernulion spots. It appears, indi-icd, that a long residence in fresh water g^merallj’ 
leads to tln^ disaj)])earance of th(‘ silvery sheen characba-istic of the salmonoids 
Ayhile in tlu^ sea (and which is probably their primitive ty])e of coloration), and to 
the proiijotion of colour. As a partially transitional tyj^o between sea-trout and 
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river-trout may be takt^i tlie Locbloveii trout, which is somewhat silvery during 
the Hiuolt-sta^^e, witli the spots generally black, and no oran^^e })order to the fatty 
Hn, but at a later sta^e assumes the general coloration of tlu' I'iN'er-trout, although 
lacking the wliib* black-l)ased front margin to the doi*sal, anal, and pelvic fins 
charactei’isfcic of the Ja<t(‘r. Silvery trout do, howevta*, occasionaJly occur in fresh 
waters, where there is no possibility of their having migrated from -the sea. In 
concluding his obs(n*\ ations conceiving the coloi*ation of trout, Day writes that 
reasons liave lieen sliown for admitting that sea-trout might lireed in fresli waters 
witliout desc(*nding to tlie sea. Tliat they can be trac(‘d step l>y stej), and link by 
link, into tlu‘ brook-trout, and vicc-vrrsd ; that tla* Lochlcweii trout, which normally 
poss(‘sses a smolt- or grilse - stage, passes into the brook -trou t : and also that 
brecaling any of tlK‘si‘ two forms together sei-s u]) no unusual .phenomena.” Later 
on, h(i obs(‘rves tliat soiiu^ of the cluef distinctions betwecai tlie S(‘a- and fresh-water 
forms of trout consist in the comparatively niort^ comph^te system of dentition in 
the fresh-wah'r ract‘S, tludr gemu'ally longtn* head, blunter muzzle, and stronger 
upper-j[iw, ii respective of tlie smallei* numlxT of blind appendag(‘s to the intestine. 
The dentition is, liowevtT, exct^ssively variabh*; and specimens with tb(' coloration 
and form of tlie riv(‘r-trout taken in estuaries, or even in the sea, usually have the 
small nunilxT of vomerine teeth characteristic of the migi’atoiy forms ; while, on 
th(‘ other hand, fresh-water (^xainph‘s with the coloration of the migratory typis 
may have a dentition of the nonmigratorv tyjus “ It has beim asserted that 

brook-trout invariably have a doubhi row of tet‘th along tlie body of the voni(*r, 

and some authors have gon(‘ so far as to assert ihat tluvse tixd.li are not d(A.*iduous. 
Doubtless it is not uncommon to find trout up to 2 lbs. weight, or evmi more, with 
all th (3 vomerine teetli thus rcmiaining intact when a doubI(‘ rou is pr(*sent ; but 
it is by no means rare to see only ()n(‘ irregularly-plactsl row, whik^ in vmy large 
specimens these t(‘eth (uuk‘ss they have entiridy divsajiptaxred) are always in a 
single row, and tlu‘. x'omer may 1)(3 found toothk'ss, or with only one, or two teeth 

at the hinder edge of the hi‘ad. Eipially incorrect is th(‘. statenient that the teeth 

disappear diffenaitly in difierent forms, for in all they first assume a single row, 
an<l th(in fall out, first commencing from behind. But in thi^ rapidly growing 
sea-trout the vomerine teeth ai*e shed sooner than in the brook-trout.” The limits 
of our space preclude our entering fui'ther into the consideration of this interesting 
subject. The ordinary sea-ti’out, which is essentially a North- European fish, much 
more common in Scotland than in England, and grows to a length of 3 feet,® is 
dopict(‘(l in the lower figure of the illustration on p. 4f)8; whik', as an example bf 
a spott(‘(l form, we take a variety of the Continental lakt‘-ti*out (B. J(fcasfris)j 
shown in th(3 up])er figure of the illustration on p. 499. Known on the Continent 
as the imn foreUf (May-ti*out), this fish has the skk‘s of the body ma?*ked with 
irj'(gular angular oi* X -shaped black spots, between which are red spots, these 
spots becoming less numerous bom^ath the lateral liiK', while tlu^ under surface 
may be tingcal with r(»d. On the gill-covei* the spots are larger and more rounded. 
In the typical variety of this trout, from the Lake of Constance, the spots do not 
extend below the lateral line; this form being known as the sclnvehforellfi. The 
migrations of the sea-trout are very similar to those of the salmon ; in Sutherland 
the great run of these fish to the sea taking place in June, xvhile they reascend 
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tlKi rivers in aiituiim to spawn. Jartlino wiite.s tliat *• in approuchinjr the entrance 
of rivers, or in set'kinjr out, a.s it were, soinii one they prefeiTe<l, .shoals of this tish 
may bo seen coastiiifr tlie hays and lieadlands, Icajiinj,^ and siioi-ting in griiat 
iiuinbers, from 1 to d or 4 lbs. in weight : and in some of the smaller bays the 
shoals cap be tracwl .several times circliiifr it, and apparently feeding.” On the 
other ]i*and, the Ooiitinmital May-trout spends the colder months in the deejiest 
watera-of the mountain-lakes, only coming to the surface in May. During tlie 
summer these trout may be seen .swimming round the shoals of small ti.shes on 
winch they prey until they g(>t tlnaii well together, when th.-y inaki, a sudden rush 
among tliem. 

• Charr. Much the same diH'erenc<! of opinion as obtains with regard 

to the. mnnbei- of species of trout e.xists in th(> case of charr. 



OTDVYLING AND CHARI? liat. size). 


pr. C^ilnthr^r recognising five Bi'itish lacustrine species, wliicli lie regards as distinct 
from B. nmbla of tlie Swiss lakes : while Day includes the whole of these under 
the latter, which is also taken to embrace the saibling {B, sal velvnus^ of the 
mountain-lakes of Bavaria and Austria, as well as the migratory northern charr 
{8. alpinus^ ranging Irom Lapland and Scandinavia to Iceland and the northern 
parts of Scotland. All charr differ from salmon and trout in having the teeth at 
alleges confined to the head of tht^ voim'r, instead of being distributed over its 
whole length;^ and all the forms numtioned above, which have a v^ery uniform 
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type of coloration, agree in liaving niedian teeth on the hyoid bone. Without 
coinniitting ourstdves definit('ly, wo confess that wo are inclined to agree with 
Day as to the specihe identity of thii wliole of tlieni. ^'o illustrate the group, we 
have the Sfobliug depicted in the lower figure of the illustration ,011 p. 501. 
In the spawning-season the u])]’Kn-]>arts of this fish are brownisli green, and the 
sides lighter; the uinhn* sur-face passing through all shades of oi’ange'to verjnilion, 
from tlui throat to tli(‘. i) 0 lvic fins, where the coloui- attains its greatest intensity. 
The sides are ornamented with rounded spots varying from wliite to r(‘d in colour; 
the dorsal fin has dark markings, and tia^ pectoral and pelvic fins are brilliant rejd. 
This form commonly gi-ows to a hmgth of 8 or 9 inches, but the northern chair 
attains much larg(?r dinumsions. Da}" writes that “the colours of the British 
charr do not vary to so gr(‘at an exbmt as in the trout, owing to their residing in 
deep(‘,r waters, and usually merely aset'mling towards the sui*face at night-time to 
feed, whihi other changes in tint an^ conseejuent ujum the brec'ding-season. In 
the Lak(‘s of Cumberland, W<‘stmoreland, and Lancashire this fish in its ordinary 
state is the case-charr of T*(‘nnnnt; whtai (‘xhibiting tlui bright crimson bolly 
which it assumes before' sjiawning, it is calk'd tlu^ red charr; when out of season, 
tli(^ spawn having b(‘(‘n shed, it is <listinguished by the nam<‘ of fhe gilt charr. . . . 
(fiiarr arc a more delicate and n])parently shorter-lived lish than trout, r(‘(|uiring 
dt!(‘per and stilk'r pii'Ci'S of wabn*, and a cokku* temperature : tlit'V hav(' (‘vcm bi;eni 
recoi'ded as residing in lochs where tlu' sun never rcaiclu'S tlu' sui fac<3 of tin' vatei*. 
They are readily d(‘stro\^ed by poisonous substanct's; whilt* attemjits to introduce 
them to fresh localities have in^t b(‘en so uniformly suec(‘ssful as with the front.” 

The North Ann'rican eluirr (a 8. /oa/z/n/Z/.s), which has lumi suexa'ssfully intro- 
duc(‘d into IJritish wab'rs, togi'tlnT M"ith the huclio {S. Inwlttp) of the Danube, difier 
from the Foregoing in tin* abst*nc(‘- oC median badh on tin* hyoid boiu* ; the latter 
fish being shown in the lower figure of the illustration on ]>. 499. Tin' gern'ral 
colour of the Anu'i’ican clniri' is gj*eenish, — lighter abovi* than bem‘ath, — beautifully 
siiot with ])urph‘ and gokl, oi’nanu'nted with numerous dark spots above*, and fewer 
below th(5 Jab'ral line, many of which in front of the dorsal fin coalesce into 
streaks, and jdso Avith red spots above the aforesaitl lim*. Most of the fins have 
dark markings ; and in the b]-(‘eding-seasou the malt' assunu's a black line along 
the under surface. Thest* fish usua.ll}" range in size from 2 to 8 lbs., althougli 
they may be larger. The hueho, on tin* other hand, which is rt'adily characterised 
by its elongated, slender, arnl almost cylindrical foi*m, attains dimensions equal* to 
those of thti salmon. 

Many-Rayed A gi’oup of migi*atory salmonoids ((hichorhipich a,s) inhabiting the 

Salmon. North American and Asiatic rivers flowing into tin* Pacific’ difler 
from the typical genus in having more than fourteen rays in the anal fin; while 
their kelts are remarkable for the degree to which the /jaws art*, hooked, and the 
humping of the back. An cai-ly writer in describing the ho]‘d(‘S in which these 
salmon annually visit Kamschatka, states that they “come from the sea in such 
numbers that they stop the course of the rivei’s, and cause them to oyerflow the 
banks ; and Avhen the waters fall th<u*e remains a surprising quantity of dead fish 
upon the shore, which produces an incomparable stink ; and at this time the bears 
and dogs catch more fish with their paws than people do at other places -yvath their 
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nets/' Dr. Guilleniarcl adds that “ every year the various kinds of salmon arrive 
at the mouths of tlie Kamscliatkan rivers with surprising regularity. The date of 
the advent of these different spc^eies extends from May to mid -August ; hut each 
has its own time of arrival, which, from its constancy, appears to be more or less 
independent of seasonal iiiHuences. A f(iw fish a})paj*ently rtiinain at or about the 
river rifouths during the summer, and eventually return to the sea, but these art; so 
few as* to be scarce!}^ worthy of mention. The vast majority — practically all, in 
fact — ascend the streams to spawn, and, having once done so, die. In the case of 
sqme species every fish apjiears to ptnlsh ; in others, a few get back to tlie sea.'’ 
The Oriental salmon (0. orirntali^) of Kamschatka commonly grows to a weight of 
fi-om 50 to 00 lbs. ; and the flesh is said to be supei'ior in flavour to that of any 
other member of thg family. 

The beautiful and delicately flavoured little fish known as smelts 

£lXL0l^S* , ^ ^ 

are represented by three species, one of whicli (Oswrriffi rperlavas) is 
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COMMON SMELT (J iiat. size). 


ah inhabitant of the seas and many frt\sh waters of Northern and Central Europe, 
whUe the second (0. Hdfsrois), which is perhaps only a variety, is confined to 
the ojiposite side of the Atlantic, and tlu^ third (0, fJnfJricJdlnf.s) is found on th(‘ 
coasts oh California. These fish foi’in a kind of connecting link between the 
salmon and its allies and the under-mentioned ( but internally difler 
from both, the appendagt's to the intestine being short and few in number, and the 
eggs small, while the teeth are strongly developed. The scales are of moderate 
size the qleft of the mouth is wide, witli the maxillary bone extending nearly or 
(juite to the liinder margin of the eyi^: the teeth of the upper jaw are much smaller 
than those of the lower ; the vomer is armed with a transvei’se series of teeth, 
several pf which are tusk -like ; the palatines and ])t(n'ygoids bear conical teeth ; 
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while there are also tusk-like teeth on the front of the tongue, and several 
longitudinal series of small ones on the hinder of the same. In length the 
pectoral tins arti mcKliuiii. Growing to a length of 7 or 8 inches in the sea, the» 
coiiinion smelt is also found in I'ivers and landlocked lakes, wh(‘re its size is always 
considerahly less. The allied candle-tish {TJHilcicItfhys), of the Pacific jpoasts of 
North America, distinguisluvl by its rndiniental tetdh, has flesh of snch aji oily 
natur(‘ that it can 1 k‘ Imriit as a candle, although it is likewise used as food. 

For want of a colh‘ctive English mime, we must allude by a 
modification of tludr Latin title to an exhmsivn gixnip of mostly 
frosli-wat(‘r salmonoids, among which the powan {Corr<f(>}nis clujicoldc,^), the 
veiidace (G. /.vry/r7c.s'/a.s) of Loehmalxm, and tlu* ])ollan (G. the Irish lakes, 

are w(‘]l-known P>ritisli forms. In these fish tlni scales an^ not strikingly largo; 
tin* el(‘ft of tlu* mouth is of modex*at(* size, with a broad maxilla, eithcu' short or of 
mi‘dium length, and not extending beyond the front margin of tlu^ socked of the 
eye; whih^ tlu‘ teeth, if pr(‘S(mt at all, are minub*. and d(‘ciduous, in tin; adult 
usuaily remaining oidy on tlu^ tongue. The doi*sal fin is not over long, an<l 
tin; cau<la1 is deeply forked. Whereas in the small size of their eggs these fish 
r(‘sembl(‘ the smelts, they differ in Inuing about om*, hundred and fifty blind 
appendag(is of nc'arly uniform length attached to tb(' inbsstim^. As already 
mentiom*d, these fish diffcT IVoni tln‘ typical salmonoids in tla^ I'elations of tluj 
bon(‘S on the to]) of the skull, on which account tluy are regardi‘<l ]>y Professor 
(\)pe as indicating a separate family. ]h‘pres(‘nte<l l)y o\’(*r forty speci(‘s, 
ranging over Northern Temperate Europ(‘, Asia, ami North Aniei’ica, con‘- 
gonoids ai'e foi* the most part entirely fr(‘sh-water fisli(\s, although a f(‘W make 
])(n*iodical migi’ations to tlui S(‘a, while tlu; Eui-ojjean sebna*])('l (G. o./o/rAyne/rns) is 
as much a iiiarine as a fresh-water fish. Local in thidr distribution in Eui*o])e, 
although as many as three ditiermit s]K*cies may inhabit the same lake, con'gonoiils 
are extreindy abundant in all the fresh waters of Nortli Ammica (wlu‘i'(‘ tiny are 
commonly known by the name of white-fish); and wheri‘as all th(‘ Ib'itisli forms 
are small, some of the continental s])ecies may attain a length of fully two l\‘et. 
The genus may be divided into groups, according to the conformation of the liiuzzle 
and jaws. (.)f these, the fii’st is repre^sented solely by the schn/epd {C. ihrijrlnj nvh a.s*), 
which frcicjuents the coasts and rivers of Eelgium, Holland, Gcuanany, and Sweden, 
and occasionally wand(M*s into British waters. It is easily distiiiguisluid by the 
pj’odiiction of the extri^mity of the uppin* jaw into a conical fleshy snout j)j‘ojectiirg 
beyond the lower, wliihi its scales are more oi* less nearl 3 " cii'cular. In length, this 
hsli grows to a foot and a half. As an cxain])le of the grou]) in which the muzzle is 
oblic]uely truncated, with the nose proji^cting, we may take the marane {(\ 
as), shown in the lower figure of our illustj*ation ; this fish being widely 
distribute<l in the lakes of the Continent, where its flesh is highly esteemed as food. 
Whereas in the Austrian lak(‘S this fish does not exceed 14 or L5 inches iir length, 
with a weight of half a pound, in Lake Constance it grows to a couple of feet in 
length, and from 4 to 6 lbs. in weiglit. Livdng at great depths, this fish feeds 
on worms, insects, and wattu’-snails. While the powan belongs to another {];voup 

..1 KXxv, ^VXVA7;/V. 

asHifvued to yot another clh iHion in which the loM'er jaw is lonfrer thati tljt^ upper. 
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into a shallow notch of which it is fitted. As a representative of this latter ^ronp we 
take the pi^iJciy inarane ((I alhiflit.) of Northern Europe, shown in the upper figure 
of the illustration. Pollan, which grow to a length of about G inches, are largely 
sold in Belfast during the spawning-season, at which time they come up from the 
deep wat(‘rs of Lougli Neagh to the shallows. At times they occur in enormous 
numbers?, upwards of sevente(‘u tliousand having been taken on one occasion in the 
early pdrt of this century. 



J’U.MY MAltANE A^'D MAHANE liul. Sl/fj. 


* * 'Fhe last of the sal monoids tliat we have space to notice are the 

grayling, of wliich the European speci(\s ( ThyiaoU ns vtdy<( ris) is shown 
in. the upper figur(‘ of the illustration on p. 501. Nearly allied to the coregonoids, 
tlM3 grayling are readily distinguished by the greater height and length of the 
d(5rsal tin, which iiiclu(h\s from thii't(‘en to twenty-three rays. Tht‘ cleft of the 
mouj-h is also smaller, a.nd the maxilla of small size. Small teeth are present 
in the. jawbones, as W(dl as on the palatines and the head of the vomer, but they 
are wanting on the tongue. The bliml appendages of the int(.‘stine are less 
numerous than in either the salmon or the coregonoids, and the air-bladder is 
unusually large. The i\inge of th(» g(mus includ(*s a large portion of Europe, 
Northern Asia, and the cold(*r regions of North America. The. common species is 
fouiuj locally over a groat part of Europe, rajiging from Lapland to Venice, and 
from England to Kussia. It is, however, unknown in Ireland, and has only been 
introduced of late years into Scotland; while in England it is most ab\\iwW\t»\n 
the rivers flowing from the limestone Pennine chain in the north, and the Red 
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Sandstone districts of tln^ central coinitii\s, and likewise in the chalk streams of the 
south. In th (3 ]att(‘r ai'tai grayling occasionally run to nearly 4 lbs. in weight, 
but in Nortlua-n Scandinavia tluw may reach 1 lb. more. In Switzerland they are 
found in Lake ("onstance an<l otlier large pieces of water. An (degantly-shaped 
fish, the gi’a^ding varies considerably in colour according to the S(‘asou of the year, 
the back being genei-ally greenish brown, passing into grey on the sides, wiiile the 
under-parts are silvery. The sides of the head are yellow, with black spots; which 
also occur on tin ^ foiui-part of tlie body; and brownish grey longitudinal stripes 
run in the din^ction of tlie rows of scales. The pelvic and anal fins are violet, 
frequently marktal witli brown crossbars ; the pectorals aj*e yellow, turniiig to red 
in the breeding-season ; while the black -bordered dorsal and caudal are generally 
red, although sometimes blue; tlui former, and sometimes ajso the latter, being 
ornanunttid with longitudinal dark bands or rows of spots. A second species, 
with smaller scales, inhabit tlui mountain streams of Dalmatia, but the other ‘two 
are North American. 

A ivmarkable fish fi*om the fresh watiTs of the United States 
known as gatidfa, which has the general chjjiracters of a 

salmonoiil but tlu‘ mouth and scahss of a ]K‘i‘ch-lik(5 typ(‘, is rt'garded as represent- 
ing a family by itself, ncsarly allied to the salmon tribe. 

The Bony Pike and its Kindred, — Suborder ^theospondyli. 

The remaining groups of the Teh'ostomouslishes exhibit a more or less decidedly 
lower ty])e of organisation than those dtsscribed abov(‘ ; and, although the sturgeons 
are still W(dl repres(uited, these groups as a whole art' (‘vidently waning ones 
at the present day, ha^'ing only veiy ft'W living forms, whereas in past epochs 
some of them fornu'd the dominant typt's in the lish-fauna of the world. Tlu^ bony- 
pikes of the fresh watt'rs of North America constitute a family {Lrjtidostf 'nhv) 
which foi-ms the sole existing ivjuvsentative of a distinct suboi-dtn*. Whihi 
agreeing Muth thti j^receding subonlers in the divisional charactt*rs mt'ntionetl 
on p. 334, the membei-s of this group and tht' next t'xhibit much more 
marked difFert'iices from all the fort ‘going gi*oups than do the latitu* from oUe 
another. With the exception of the extinct spear - beaks, the tail is of the 
abbreviated heterocercal ty])e, ; that is to say, that whilt'. its fin is more or less nearly 
symrneti'ical, the vertebral column, which rt'tains its primitive tapering extremity'', 
runs in the uppt'i* half, ddie scales are ganoid, and vt'iy fretpituitly quadrangular, 
although they may be roumled and distinctly ov<*rlapping. Tn the living represen- 
tative's of both subordims tlu' air-bladder is conruicb'd with the u'sophagufi by a 
duct, in the same manner as in the tube-bladdered fishes; but the opf^ic nerves 
siiiqdy cross one another, without any interlacing of their fibres, and there is 
a spiral valve to the intestine. Whert'as, with the (‘xception (d* one extinct 
group of hoi-rings, the whole of the subonlers of bony fislies hitherto noticed are 
unknown previous to the Cretaceous epoch, members of the two groups to 
be now considered were abundant in the antecedent Jurassic period. The 
group inclmling the bony-pik(j may be distinguished from the next by the full 
ossification of the inttamal skeleton : the scales b(iing always of the typical 
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quadrangular ganoid type, and the branchiostegal rays having no gular plate 
in advance of tliein. 

• As a family, the bony-pikes, of which the common species 

Existing Family. ON/eas') is shown in our illustration, are distinguished 

from all ojiher tish by having the bodies of the vertebrai convex in front and con- 
cave behind, instead of having both surfaces cupped. The fins are furnish(‘d with 
fulcra, the dorsal and anal consisting of soft rays only, and placed far back, and 
near the caudal, which is of the abbreviated hebu’ocercal type ; while the trunk is 
mych longer than the abdominal portion of the verti^bral column, and the bran- 
chiostcgal rays are comparatively few, and have not an enamelled outer surface. 
In^ form, the body of the bony-pikes is elongate and subcylindrical ; the long 
muzzle is either spatulate or beak-shaped : the cleft of the mouth wide : and both 


• * BONY-PIKE nat. size). 

the palate and jaws are armed with bands of rasp-like teeth, and also with larger 
conical ones. There are four gills and three branch iostegal rays on each side ; and 
tile air-bladder is cellular. Bony-pike, of which there are three existing species, 
are now confined to ISTorth and Central America and Cuba, but they aie lepie- | 
sent«d in the European Eocene, and by allied extinct gtuiera in the Eocene and 
Miocene strata of the United States, one of these also occurring in the French 
Eocene, ^^he exi.sting forms grow to a length of 6 feet, and are carnivorous, feed- 
ing upon smaller fisln's. They are often known by the name of gai-pike, although, 
as mentroned on p. 400, that title is best I’estricted to a totfilly difleient gioup. 

The extinct Jurassic s]>ear-beaks (A^pidorhyachifs) constitute a 
Spe^ BealEB. family (Afijfidorhyyichifhv), distinguished by the normal 

structure of the vei‘tebr<a% the homocercal tail, and the production of the upper 
jaw ; the general form of the body and the arrangement of the fins being very 
similar tp that obtaining in the bony-pike. 
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TjfE Bow-Fix and its Aluks, — Suliorder Protospondyli. 

Tilt- so-called bow-lin (/I ao'o coyco) o£ the IVcsh waters of tlie United Stater, 
is the .sole exi.sting representative of a second and larger subordinal group, ditfer- 
ing from the last by the iinpio-feet ossification of the skeleton, the notocl]ord being 
either persistent throughout life, or if more or le.ss completely replaced- by vt*rtebrai, 
those in front of the caudal region have their Ixxlies composed of three distinct 
elements (pleurocentra and intcrceutrum), which remain separate and alternating 
even when fully developed. Th(i lower jaw is comph'X, and compo.sisl of .several 
])ieces ; in the pectoral arch the inlraclavicular plate is absent; and tin* pectoral fin lias 
more than three basal elements belonging to the true internal skeleton; while the 
tail is always abbreviated hetei-ocercal. , 





TITR now-FlN {I nat. size). 


Existing Family with tlireo extinct ^eneni, tlic bow-fin constitutes a 

family {^Ainnd(v) characterised as follows. Tluj lower jaw has its 
susp<‘ndin^ an*an^em(‘nt diivcted backwards, and the cleft of thi; mouth is wid<i ; 
tlie degj*ee oi ossification of tlie vertebnn is variable, although these often forin 
complete discs ; tlie body is elongate oi* fusiform ; tlie margins of the jawf^ are 
armed with an outer series of large and conical teeth, internally to which arc 
smaller om^s ; fulcra to the fins are either wanting or of minute size.; and the 
dorsal fin is of \'ariablo, although usually of con.sideralde length. Having the scales 
thin, somewhat round(‘d, and overlapping, the bow-fin represents a genus in which 
therci are no fulcra, and the long dorsal fin occupies three-fourths the length of the 
body, while the anal fin is short, the caudal I’ounded, and the throat furnished, with 
a single gular plate, followed by a number of bi’anchiostegal rays. The single 
existing species of thc^ gtmus, which attains a length of 2 feet, is confined to tlio 
fresh waters of the United States, where it is exceedingly abundant in soine of the 
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northern lakes, hut remains of (extinct species liave been obtained, not only from 
the Eocene i*ocks of the same countiy, but likewise from tli(‘ upper Eocene and 
Miocene strata of Europe. Carnivorous in its dic^t, pi'(‘ying both upon othei' hsli 
and also upon acpiatic crustaceans and insects, th(^ Ijow-fin is capable of living for 
fully an hour out of water ; and when in its native liaunts, especially wliere the 
water foul? comes frequently to the surface^, to bnaithe, rising to the surface, and 
taking *in large mouthfuls of air witliout tlie emission of a single bubble. When 
near tlie surface, this tish often utters a bell-lila^ not(% j)robably due to th(^ passage 
of^air from tlui air-ld adder. Tlu‘ breeding- season, during which the colours of the 
tish are more brilliant, lasts from May till the beginning of June. Idie bow-tins 
breed among floating islands of h(‘rl)ag(5 fringing tlu‘. gn^at lak(‘S. Here they lay 
thousands of minut(i,eggs on tlu‘ wat(‘r-plants which form tlu* base of a s(‘ries of 
tunnels, composed partly of root-flbres, and partly of a moss-like gi-owtli. Of the 
nest'thus formed, the male fish takes entire charge till the fry are hatched; tlie 
development of th(‘ (‘ggs l)eing unusually rapid. The embryos, whil(‘ agreeing in 
nuuiy respects with those of the typical ganoids, an stab ‘d to approximat(‘ in other 
points to thojje, of the liiglau* bony tish(‘s. Mnjiflanis, from the upper Jurassic, is 
an alli(‘(] extinct genus with a short <loi‘sal fin and fulcra; while the Jurassic 
EarycormitH ami Llod'.stuus likewis(*. belong to the same family. 

* Among sev<‘ral 

Extinct Families. 

extinct tamiijes or. - 

which the m(‘mbei*s ar(‘ mostly 
of Jui*awsic age, we may notice 
the Pi(ch}fmn)iidi(\ as repnssenttMl 
typically by Pfn*A//cor//M/.s', in 

which, while the body and jaws ^ ^ 

havx) the same iorm and stnicture .skeleton of an i:.\tjnct amioid {(Jaturm). 

as in the bow-lish, tlu^ notochord 

is pt‘rsistent, and the etlimoid l)one fus(Ml with the vomer to form a long beak ; the 
tin-rays being slender and closely set, the dorsal fln short, and fulcra absent or 
minute. EtufiHftlnis and Ciffariis are Avell-known members of a third family 
difttinguish(‘d ])y the vertebiw- biung usually n‘presented by incomplete rings, by the 

lai-g(‘ fulcra, and the short dorsal tin ; the caudal 
■ tin being fork(‘d. Th(‘ l^’cnodonts, ranging from 

* & ' ^ \ Lias to tlu‘ Eoceiu‘, constituti^ another family 

* which the body is either deeply fusiform 

^ or rhomboidal : the notochord has no ossifleation 

ai-oundit; thecli‘ft of the mouth is nan’ow ; the 
teeth are small, nodular, and aggregated into a 
^ pavement, without vtudical successors; the glll- 

^ ^ ^ (*over is of a viuy simplt^ j branch iostegal 

rays and fulcra are alike absent; and the dorsal 
^ \ fln is elongated. The family is typically repre- 
S(Mited by the genus Pyrnodus; but we have 

bIoht hau’ of the lower jaw op a «« e.xainple of the <l<;ntition the lower 

PYCNODONT (Afmif/ow).— After Gaiuiry. jaw of the allitMl Mi^Hodon. Yet another family 




SKELETON OF AN E.\TJNCT AMIOID {Caturus). 


< 1^- > 
f • 

“ SI 

a.- " ' ■? 

■’ % 

r ^ 




RIGHT HALF OF THE LOWER JAW OP A 
PYCNODONT After Gaiuiry. 



GANOIDS, 


510 

(l)ape(ll/i(l((j) is represented by Dapedivs, Lej)idoiu}^, find Hev(3ral other allied 
genera, in which the bod}’ is more or less di‘Oply fusiform, the suspensory apparatus 
of tlui lower jaw either vertical or inclim^d forwards, the cleft of the mouth narrow, 
the teeth cylindricfil or in the form of biitton-liko knobs, the vertebrai not more 

tlian I’ings, and the 
dorsal fin 'not ex- 
tending mol'e than 
half the length of 
the body. In this 
family the teeth 
have vertical suc- 
cessors ; and while 
some of the earlier 

THli OIANT SC'ALK-TOOTII, WITH A DETACHED SCALE AND TEETH gCliera dutC frOlU 

(nnu-l, rcMluced). 

tooths (Lepidotufi), of which fin exfiiiiple is figured in the illustration, survivei^ till 
the Chalk. Some of the species of this genus attained very large diniensions : and 
their remains are bi^autifully preserved in th(» LithogT*aphic Linn^sLone of Bavaria. 
In fill these the scales are of the typicfil ({uadrfingular ganoid type. 

o 

Tmk STUiujEoN-TuiiJE, — Suboriler Chondrostei. 

Idiis importfint sul)ord(*r brings us to the last group of the fan-finded fishes 
(Actinoptejygii), which forms a division by itself differing in several important 
particulars from the one. including the whole of the foregoing suborders ; the more 
important charactei*s of the first division having betm given on p. Whereas 

in that division the number of dermal rays in dorsal and anal fins is equal to 
the supporting elements in the trin^ internal skeleton, in the present division the 
dermal rays are more numerous than their supports. Then, again, whereas in the 
former division the. pelvic fins have tlieir superior row of supporting ossicles, or 
hfffieosts, rudimental or Wfinting, in the present group these are well developeil. 
The living reprt‘sentativ(*s of the sturgeon triln^ agree with th(i bow:fish find its 
allies in tlu^ wfint of finy interlacing of the fibres of th(i optic nerves at their crossing, 
and likewise? in tin? jiresence of a spiral valve to the intestine. In Vjoth the living 
and extinct types the tail is of (?ith(u* the diphycercal or heterocijrcal type. As a 
suborder, the sturgeon tribe imiy be characterised by the more or less completely 
persistent notochord, by the inferior and superioi' supporting ossicles (axonosts and 
bfiseosts) of the dorsfil and anal fins forming a simj)Ie and regular series, and also 
by tin? pr(?senc(; of ti pair of infraclavicular plates in the ])(‘ctoral girdle. In all 
the known forms th(U’(‘ is a single dorsal and anal fin, both of which are well 
separated from the caudal : while in the existing member’s the iiir-bladdpr fqt;- 
uished with a duct. Although represented at the present solely by the sturgeons 
and their allies, the group was very abundant during the Secondary epoch ; and 
whereas the sturg(‘ons, together with certain extinct families, form what may be 
termed a degemu’ate specialisitd series characterised by the absence of ganoid scales 
in a second and normal series the body was covered with such scales. 
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Toothed The toothed sturgeons, of which tliere are two existing repi*e~ 

Sturgeons, sentatives, each forming a genus by itsc^lf, constitute tlie family 
PolyodoniidiV. While agreeing with the other members of the series in having 
the cartilaginous skull invested with a scries of superlicial bony plates, these hshes 
are specially distinguisluid by possessing a median unpaired seritis of bones in this 
shield y by the absence of bi*anchiostegal rays; the pres(‘nce of minute tecdh in the 
adult ;"'the heterocercal tail ; and by the skin being either naked or witli some scales 
on the upper lobe of the tail. The first of tlie two existing gcoiera is i*(.‘prcsented 
by the spoon-beaked sturgeon {Polyodoti folias) of the Mississippi, which grows to a 
length of 6 feet, and is characterised by the production of tlie upper jaw into a 
very long spoon-like beak, with thin, flexible maigins, (Mjual to on(‘-fourth the 
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total length in tlie adult, but still longer in the young. The gill-cover (arts in a 
long tapering flap : the upper lobe of the tail bears a numtu'ous seiaes ot* narrow 
fulcra; and the air-bladder is cellular. On the other hand, the slendei’-beaked 
sturgeon {Psepli innif^yUtdins) from the Yang-tse-kiang and Hoangho rivers of Cdihui, 
diff(U"s in the more* conical form of the btaik, and in the large size and small number 
of the caudal fulcra. Growing to an enormous length — it is^said as much as 
20 feet — this fish agrees with the preceding in the very small size of its eyes, from 
which it may be inferred that both se('k their prey without depending upon sight. 
Indeed, in the muddy waters of the rivers they inhabit, eyes can be of litth' use, 
and it has been suggested that these fish (h'pend chiefly upon their beak, which is 
probably employed as an organ of touch. The fl(‘sh of both species is eaten. 
Among several fossil forms, we may mention the genus CrossopJf.oli^, of the Noith 
American Eocene, on account of the retention of a series of oblique rows of scales 
voi> V. — 
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on the upper lobe of tlu^ tail, as we thus have cvidencti of the descent of the family 
from fully scaled fishes. 

Toothless From the j^receding family the typical sturgeons (Acipetiseridof) 

Sturgeons, distil iguisliod by the absence of teeth in the adult, and the 

pr(i8eiice of fiv(^ longitudinal rows of bony plates on the naked Ixxly, which is 

elongate and subeylindrical in foi*m, as well as by the presence of four, barbels in a 

transverse line on the under surface of the muzzle. The muzzle is somewhat 

produced, and (‘ither subspatulate or conical in form, with the small, transverse 

mouth on its lower surface. All the vertical fins are armed with a single series of 
« • > • ^ * 
fulcra on th(‘ir front edges; the dorsal and anal are situated at a moderate ‘distance 

from the caudal; and the large air-bladder is simple. Coniined to the temperate 

r(‘gions of the Northern Hemispluirc^, sturgeons ar(^ (‘ith(‘r exclusivcdy or partially 

fresh-water fish, some of them only ascending rivtu's for the; purpose of spaAvning, 

after which they return to the sea. With the slender-lxuiked sturgeon, tiny 

includ(i th(‘. largest fre.sh- water ljsh(‘s of this region, scweral of the spcric'S commonly 

growing to 10 fciet, while some are much larger. The females deposit enormous 

numbers of extreanely minute eggs, the 2)roduct of a single individual having b('en 

estimated at uj^wanls of three millions during a season. This wonderful fecundity 

easily accounts for the enormous numbers in which sturgeon, in sjate of constant 

persecution, still crowd the northern rivers during tlu‘. sj^awning-season. ' In 

addition to the excellencej of their flesh, sturgcmi are valued for their roe, frcmi 

which is manufacture<l caviare, and for their air-bladd(‘r, the inner coat of wliich 

forms the basis of isinglass. In a fossil state stui'geons are unknown l)efore tlui 

upper part of the Eocene ixudod. All the members of the genus are exceedingly 

voracious fishes, and tlui majority are mainly carnivorous. During the winter 

many or all of them crowd together, either in inlets of the sea, estuaries, or the 

deep pools of rivers, Avhere they undergo a kiml of hibernation; and it is stated 

that in some localities they bury tlndr nos(*s in the mud, with their bodies and tails 

standing vertically uj)wards like a series of j)osts. They increase very rajiidly in 

size; and the eggs are hatched in five days. Although still abundant in tht‘ 

northern rivers, in those of Central Eurojje sturgeon have g]-eatly decreased in 

numbers, and few really big llsh are now taken. Tn.the beginning of. the year, 

when they are still torpid, sturgeon are rtapturcid by br(‘aking the ice, and stirring 

up the mud at the bottom of their haunts with very long poles armed with barbe<l 

prongs. As the fish seek to escape, some are stablxMi with the sj:)ears ; and it js 

said that half a score of large fish may be thus taken by a single fisherman. In 

summer regular fishing-stations are established on the Ilussian rivers, where the 

approach of a shoal is hcTalded by a watchman. I^|)wards of fifteen thousand 

sturgeon have been taken in a day at one of these stations ; and when the fishing 

is sus 2 )ended for a short time, a river of nearly dour hundred feet in width, and 

five-and-twenty in de 2 )th has been known to be coriqdetely blocked by a solid 

mass of fish. 

„ The common sturgeon (Aciryentier siarLo), of which a small 

True Sturgeons. , . ^ ^ s, ' 

examjde is shown in tlie illustration facing j). 510, is the tyj)ical 
representative of the first genus, in which the rows of bony plates remain distinct 
from one another on the tail, spiracles are present on the head, the upper lobe of 
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the tail is coinpk^tely surrounded by the fin-rays, and the muzzle is eitlier short oi* 
developed into a narrow beak of moderate leii^^th. There is some doubt as to the 
fexact number of species of sturgeons, as the.se fish vary considerably according to 
their age, but it is probable that nearly twenty different kinds may be admitted. 
Among tbe better known fo7*ms one of the most esteemed is the sterh^t {A. ruthvenus), 
.which.althoifgh i*arely exceeding a yard in length, yields better llavoured flesh and 
finer caviare than any ot the others. It is characterised by its narrow, pointed 
snoi^t, and by tlie great number of bony plates on the sides of the body ; tliese 
varying^from sixty to severity. Common in the Black Sea and Caspian, as well as 
ill their influent rivers, the sterlet is likewise found in the Siberiaii rivers, while it 
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ascends the Danube as far as Vienna. In contrast to this species, may be noticed 
the ^iant sturgeon, or hausen Inim), shown in our full-page illustration. 
Having from forty to forty -five lateral bony plates, this species may be rtaidily 
distinguislied by the absence of shields on the muzzl(\ which is rather shorthand 
pointed. It is found in the Black Sea, Caspian, Sea of Azov, and tlieir tributaries, 
and occasionally emters the Mediterranean. At one time this sturgeon was to be 
met witli in tlu^ Danube by tliousands, among which specimens of upwards of 
24 feet in length were by no means uncommon; but relenth'ss slaughter has 
greatly reduc(Hl not only their numb(».rs but likewise their size, although even now 
fish of from 1200 to 1500 lbs. weight are occasionally taken. These, however, are 
mere pigmies to, certain Russian examples, one of which is stated to have weighed 
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27G0, and a second ^V20() lbs. Migratory in its liabits, this sturgeon crowds into 
the Russian rivers as the ice is Ineaking up, when many indivhluals are mon^. (^r 
less sevc'ndy injured i)y b(‘ing jamm(‘tl against the floes. It appears that only full- 
grown lish asc(‘n<l some rivei’s, as no small on(‘S an^ found in the Danube; but in 
the Volga t]i(‘se sturg(‘on are stated to I'lmiain dui’ing the wiiibu- in a semi-torpid 
condition. Although (‘xtnniKOy powej*fuI, th(‘ haus(‘n is an inactive and timid fish, 
fleidiig even from the diminutive sterlet, and passing iinudi of its time (ui the mud 
at the river-bottom, but risijig occasionally to swim lu^ar tlui surface. In diet it is 
both carnivoi'ous a,nd lierbivorous, Feeding on vegetable substances, otli(*r fish, 
('Specially various kind oF car]), and even water-fowl. Its isinglass is inferior to 
that oF th(‘ common stui*g(H>n. Ibir<‘ly visiting th(‘ Rritish coasts, wh(U*(^ it is a 
“ royal ” fish, th«i latter sp(*ci(‘s lias only from twenty-six to thiity-om^ latei*al platt's, 
and from (d(*v(‘n to thirt.(‘(‘n down th(‘ middh^ of th(* back ; thi‘ muz/J(‘ j)eing j)oint('d, 
and about (‘fjual to ont'-halF tli<‘ h'ngth of the h(‘ad. Tt is a, widely distribut(‘d 
Foi‘m, FretjiK'uting the coasts <jF ])oth sides oF th(‘ Atlantic, but absent from flu' 
Caspian, although Found in th<‘ iUack Sea. In Italy it ascends ih(* Ji*ivers From 
Alaich to May: and Avliile in that country it do(‘s not commonly exca ed 5 or 0 had 
in hmgth, si)(*cim(‘ns oF u])wards oF JS Feet are on ivcord. 

SUovel-Beaked ^l'h(‘ Four s])eci(‘s of tho grains (which must not 

Sturgeons. ])^, confustMl with the toothless stingeons) diller from th«" pri‘C(Mling 
genus by the ])roduction of tie* muzzh' into a s])atulate beak, by the narrow and 
depressed hiiuhu' ])ortion of th<‘ tail bi'ing C()m])l(‘tely (‘ovcuhmI by th(‘ bony platt's, 
as W(^ll as in th<‘ abs(‘nc(‘ of s[)iracles, and by the Mn-rays j)()t surrounding the 
extnanity of th(Mi])p(‘r lobe of th(‘ tail, which ttaaninates in a long lilannait. Of 
the four species, oiu' is r(‘strict(‘<l to th(‘ ]\Iississi])])i riv('r-syst(‘in, whih* th(‘ otlua-s 
inhabit fh(‘ riv(‘rs of Centi*al Asia : all })eing exclusively Jluviatile in their habits. 

Allied Extinct The geiuu'a ( ‘IhuhI /m-fca.s* ajid BcUmoAt tf nch ns IVom the KurojM'an 

Families. l.ijis sev(‘rally r('])resent two famili(‘S diflei*ing fj*om all ih(‘ mod(*rn 
stui’geons in the abscaice of a nuMlian un])aij*ed seri(‘s of boiu'S in the head-shi(‘ld, 
and also in tlie ])Oss(\ssion of branchiost(‘gal rays. In th(‘ latt(‘r family th(‘ tail is 
diphycercal, and there are longitudinal sericvs of l)ony plat(‘s on th(‘ ])ody : whereas 

in th(‘ Formi'r th(‘ tall is Ind^ei*- 
oct'rcal, and th(‘ body is (dtluu' 
naked or with a. small series of 
scales on the u])per lobe, of tlie 
? both being Furnished with 

Scaled Types. thisTub' 

}j/^^ it I i 'ji .. , order arc so utterly unlike the 

' ' - n ll" ■ " ' ■ * sturgeons in ('xtei’iial aj^pcjar- 

I ance that it is only by a study 

their internal structure that 
-- tluur true affinities have been 

AN KXTiNcT AciPKxsERoiD FiHH {Phttysoimis), from the determined. Tlicy are all 

Magniisiaii Limestoae. extinct, and mainly character- 




Scaled Types. 


AN KXTINCT AciPKNSERoiD FiHH yPhttusomus), from the 
Magniisiaii Limestoae. 
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istic of tlio S(‘C()nd?ii*y pc'riod, remains hein^ especially common in the llritisli 
Lias. In both of tlie two princi])al families the tail is of the heterocercal type. 
Jn one family, as typified by tlie ^erms Piflcvoiiiscos, the body is elono^ated fusiform, 
and the teeth are slender and conical or strai^lit. On the other hand, l^latysomvi^ 
rejn'esents \‘i second family {PlatysonHft/ida ), in which the body is rhomboidal, 
and tlie teeth — in tlie upper jaw mainly confined to th(‘ pterygoid bones — obtuse. 
*rn botli groups th(‘ sciiles are of the ganoid tyjx'. 


Tnii: FuiNciE-FjNNED Oanoids, — Order Cuossopteuvcui. 


Tlie wlioh^ of tlu‘ m(‘m])(‘rs of tlie subclass umler considm'ation described in 
the foregoing pages constituhi one gnsat ord(‘r ( A(dhiopterygii), eharact(‘rised, as 
mentioned on p. by th(‘ fau-liki^ structuiH* of the ])aire<l fins, and fre(|uently 
alscf of th(' caudal tin; tla^ scales Ixang giauTally of the cycloid or chuioid type. 
I'liesc* fishes form, indeed, tlui dominant group at the pr(‘S(‘iit day ; wherc'as the group 
no;kV to be coiisiden‘d is represimtiMl only by two (‘Kisting sjiecii'S — referabh^ to as 
many geneiu, and is mainly characteristic of tin; earlier (‘pochs of the earth’s 
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history, being abundant even in the J,)evonian and Carbonifei'ous (‘pochs, since 
wliich time it has beiai sh^adily decivasing in numbers. These fring(^-finned 
ganoids, as tlu'V may be (‘alh'd, have the paired fins loliat(\ with an internal 
longitudinal axis iK'longiiig to the true sk<deton more or h'ss fringed with dermal 
rays, the camlal tin being (*itln‘r of tin; dijiliycm’cal or hetei*ocercal typ(‘. A pair 
of large jugular ])lat('s, boumhal in some instance's by a series (.)f smaller lateral 
oii(‘s,* and • an anterior unpaiivd (‘h*nu*nt, are developed in tlu' branchiostegal 
UK'inbrajie to till u[) the spaca; between the two branclu'S of th(‘ lower jaw, and 
thus re})r(‘S(‘ntiiig tin; branchiostegal rays of tlu' first ordc'r. In all the scah's are 
evated with ganoiiu;, although they may be thin, oV(‘rlapping, and rouude<l, or thick 
aild ( pi ad ran gill ar. Tin; existing forms have the optic niTves simply crossing one 
anotjier, a sjiiral valve in the intestine, and a duct to the air-bladder: the pres(*nco 
of the latter Ix'iiig also shown in certain (‘xtinct type's. Next to the sharks and 
rays, this^roup is one of the oldest, btung well represented in the l)(*vonian. 

The sole existing survivors of this gi'cat gi*oup of tish(\s are the 
bichir (P()ly])f(^nfs hichir) of the Nile, and other rivers of Tropical 
Africa, and the reed-lish {CaUonoichthyfi calabar icifs) from Old Calabar; these 
constituting the family Fitly pferidai, which has no fossil n'presontatives, and 
probably forms a subordinal group by itself. In this family the notochord is more 
or less const I'icted and replaced by ossified vertebim ; the baseosts, or superior 
supporting elements, are rudiiueiitary, or wanting, in the median fins; whereas the 
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axonosts, or inferior supports, form a regular series (Mjual in number to the dermal 

lin-rays with wliich tln^y ai*tieuhit(‘. The scales arc ganoid, and tha fins without 

fulcra. The dorsal lin is divided into a number of fin lets, each formed by a spin^ 

in front and a series of rays behind ; tluj anal fin being situat(‘cl close to the 

diphycercal caudal, and tlie vent near the (*nd of the tail, while the wliole caudal 

region is very short. In the bichir the body is mod(‘rate]y (dongated ; tire teeth 

are rasp-like, and aiTanged in broad bands in tlie jaws and on th(". vomers and 

palatines, the jaws also bearing an outei* seri(*s of larger pointcal teeth ; and the 

pelvic fins are well developed, but <lo not show tlu; obtusely lobate structure 

characterising the front pair. The large air-bladder is double. The bichir is 

found in the Upper Nile and the riv(U‘s on thc^ wc^st coast of Tropical Africa, 

(‘xamples being occasionally carriinl down into the Lower Nil^e. The number of 

tinlets varies from eight to eighhaai, and in size tliis fish grows to as much as 

4 feet. Nothing is known of its habits. The reed-tish is a smaller form, charac- 

teris(^d by tlie gnait elongation ol‘ th(‘ body, and tlui abscaice of pelvic fins. 

^ , Vi‘ry little can be said liere as to the nuTiKTous (‘xtinct rep 7 *e- 

Extinct Families. . . . , . ^ . 

sentativ^es of this group. One suboi'dinal group (Actinistia) is 

represented by the hollow-spin(‘d ganoids which range frean the 
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Carboniferous to the Jurassic, and a]*e best known by the genera and 

Undina. In those fishes (as shown in tlu^ aceompan^’ing figure) th(^ notochord 
persists ; the axono.sts of tin', anal and two dorsal fins are fus(;d into a single piece ; 
in the caudal fin the dermal lin-rays are each supported by a seri(\s of axonoste, 
ecpial in number to tin ‘ upper and lower spin<‘s of the voi‘tebra:i ; and (^ach pelvic 
has a single axonost, which is not united with that of the opposite side. In tliese 
fishes the body is det^ply and irregularly fusiforin, with the scales overlapping, 
rounded, an<l more or h‘ss coated with ganoino. There is a gill-cov(‘r and a singh^ 
pair of jugular plates ; the paired fins arc obtusely lobate; the tail is dipliycercal, 
h’equently with a small supplemental fin at the extremity; and the air-bladder 
is ossified. A third suborder (Khipidistia) includes most of the other forms, 
especially those from the llevonian formation, and while agreeing with the 
preceding group in having a more or less completely persistent notochord, and 
the axonosts of the anal and two dorsal fins each fused into a single piece, differs 
in that in the caudal and other median fins the bascosts are fewer in number than 
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the dermal lin-rays, by wliicli tlioy are overlapperl. TIjo suborder is represented 
by three well-defined families. In the first, which is typified by the genus 
^Iloloptychius, the lobes of th(i pectoi’al fins arc long and acute, while tlie teetli 
have comjdc'X infoldings of* tlie outer layer, somewhat after the manner of tliose 
of the. prime val salanuui<l(‘rs, an<l the scab's are thin and cycloidal. Tlie second 
•family, of wliich Rhizoda^ is the tyjiical genus, differs by the ]ob(\s of the pectoral 
fins being shortei' and bluntca*, and also by the less complicated infoldings of the 
teeth. To this family bidongs ihjropfycltlu^^, from the Devonian or Old Red 
yfindstoiie of Sc()thin<l. Whiles agrec'ing with th(‘. last in the obtusely lobate 
pectoral fins, tlu^ third family, as represenb'd typically by (Mrolrpls of the 
Old liiid Sandstone, is charact(U‘is(‘d by thc' walls of the teeth being slightly 
infolded only at tlTeir basi's, and by th(‘ scales bt'ing of the tnu'. (|uadrangular, 
gatmid type. Remains of thesis fishes occur in exti-aordinary abundance in the 
Old RimI Sandstone of Scotland ; ami as this dei>osit is of fn'sh-watt'r origin, it is 
evidtmt that tluy were eithm* iluviatile or lacustrine forms. The reason why these 
and so many other ancient crf'atures >vere enveloped in coats-of-mail has not yet 
l)t*en discovered. 



CHAPTER TV. 

Sharks and Rays, — Subcla,s.s J'ji.ASMOBRAm’iiTT. 

The last subclass of ilui lislies is repr(‘sent(Ml by th<‘ (*,xistin^‘ sliarks and rays, 
to^T'tlier with a number of more oj* less closely allied extinct lorms; some of th(i 
latter b(‘in^‘ tln^ most primitiv'e members of tlu‘ order yet known. Imleed, tahin^* 
thesis pi'imitivt' types into consi(l<‘ration, and r(an(‘mberin< 4 * that sharks and tlu'ir 
alli(‘s are th(‘ old(‘st fishes witli wbieli ue are acMpiainted - dating- from tlu‘ lowtn* 
Ludlow beds of the Silurian (‘])och— -it s(‘ems probabl(‘ that th(‘ [)r(‘sent subclass 
may have been the stock whence^ all otlaa- iishiss werc^ d(‘i‘iv(‘d. A^Teein^* with 
the bony fishes and ganoids in havin;j^ tlu^ suspcaidin^’ apparatus of the lower jaw 
movably ai'ticuhited to the skull (o-cMuu-ally with the inUu'vention of a distinct 
hyomandibular (dement), the sharks and rays have the skeh^ton entindy cartila- 
j^hiouf^ thrcai^hout lif<‘ ; nuanbraiK'-bones — exc(‘pt in one extinct ^Toiq) — bein^’ 
(uitircdy wantino*. The gills opiai by s(‘parate external clefts, and hav(i n() coven*. 
\Vh(?n bony elements ai’e d(‘V<doped in the skin, these agnai in structure* with teeth, 
and have nothing to do with true bom*. In all tluj living nunnbers of th(^ subclass 
the (3ptic lU'i’ves cross one another without giving off any mutually interlacing 
fibres, the art(*rial bulb of the lunirt is furnislu‘d with thi*(*e valv(‘s, the int(*stine 
has a s])iral valve, the eggs an* large and detach(*(l, and an air-bladder is wanting. 

The whole, of the existing repr(*sentatives of the subclass form an oi'der 
(Selachii) charact(*.rised by the cartilaginous internal ski‘l(‘ton being, as a genej*al 
rule, only supendicially calcified : while, exc(.‘pt in some of tlu^ t*arli(*.r (‘xtinct types, 
the notochord is eoustricte<l at the ct‘ntre of each vt*rtebra. ddui superior and 
inferior arches of tin*. v(u*tebra* an* shoi't and stout, and intercalaiy cartilag(^s are 
very gmierally developed. The pectoral fin lias not a segm(*nt(Hl longitudinal 
central axis, its cartilaginous rays forming a fan-shaped structurci radiating from 
an abbrexdated base, into the anatomical details of which it will b(,* unnecessary to 
entcu' here : and the axis of each jxdvic fin is d(‘veloped in the mal(‘s into a 
“ clasp(‘r,” coiimjcted with the reproductiv(i function. With regard to the structui’c 
of tin* skull, it may be mentioned tliat the hyomandibular usually intervenes 
between the palatopterygoid bar (forming the functional up}H*r jaw, and carrying 
the teeth) and the cranium propiir; but in the genus a the hyomandibular 

takes no shan*. in the support of tlu^ jaws, the palatopteryg(3id bar articulating 
directly with the cranium by means of a fa(*.et b(*hind the socket of the eye ; this 
structure being probably the original one. We have alnjady said that the tooth- 
bearing palatopterygoid bar serves the function of an upper jaw, by whicli name 
it may be conveniently referred to ; and similarly the functional lower jaw is in 
reality the clement known as Meckels cartilage. The gills are attachc^d to the 
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skin by their margins, and usually communicate with the exterior by means of 
live vertical slits on the sides of tlie neck, although occasionally the number of 
these clefts is increased to six or seven. Veiy generally the mouth is situated on 
the inferioi- aspect of the head ; and the teeth carried on the functional jaws may 
be either^sharply-pointed and s(‘parate, or blunt and .articulated together, so as to 
form moi^e or less paviancait-like structure. In the former case there is a 



continuous succession of new teeth to replace the ohl ones as they are worn away 
and shed. As a i‘ule, the tail-fin is heterocercal, with tlu^ upper lobe greatly 
elongated ; tlie pelvic fins are always abdominal in position ; and the dorsal fins 
of many extinct and a few living types bear large' spines on thuir front edge, 
which, unlike those of the bony fishes, are simply iinb(*dded in the flesh, without 
jirticulating with the internal skeleton, and art^ conse([uently immovable. Spiracles 
are frequentl}^' developed on tlu' upper surface of the head ; and the intercalary 
cartilages already alluded to arc ovoid or <liamond-shaped structures occurring 
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between the superior arches of the vertebrao. The eggs are generally invested in 
‘ horny rhoniboidal capsules, furnished at the four corners with long tendril-like 
filaments, by which they attach themselves to the stems of seaweeds and others 
bodies, as shown in the figure of the lesser spottc^l dog-fish given on g. 629. In 
some species, however, the eggs are hatclied within the body of the fon^ale ; and 
in all cases the embryos arc fiirnislK‘d with externnl gills, which are ’slied* before , 
birth. All the members of the order subsist on animal substances, but whereas the 
typical sharks an', highly predaceous creatures, seizing and dt‘VOuring everything 
they come across, some of the largest sp(‘cies are armed only with small teeth, an/l 
fc^ed on molluscs and other invertebrate's. The rays, too, are largely sLell-fisH 
(‘aters, aiid most of them differ from tlui sharks in living on or near the bottom, 
instead of swimming about activedy at or just below the sin*faee. All the species 
are typically marine, l)nt many asci'iul tidal rivers, and in tln^ Viti Levui Lake in 
Fiji, as well as in the Nicaragua Lake in South America, the]*e are sharks dwelling 
permanently in fresh water. The species inhabiting tlu' foniK'r lake, wliich is cut 
off from the s(ai by a cataract, is (^((rrharias common alike in the 

(hinges and in the Tigris, and ascending in the latter river to a distance of three 
hundred and fifty miles from thci sea in a straight line. Then, again, a spt'cies of 
saw-fish is found in a fresh-water lake in the l^hllippinos. It has been commonly 
j stated that sharks have the power of scenting their prey from a distance, since 
I they rapidly congregate whenever aninial refuse or other decomposing matter is 
/cast overboard from a ship ; but it may be suggest'd that such asst'inblages, as in 
the case of vultures, are rather due to oiu' shark following the movem^uits of 
another, and thus being attracted to the central ])oint. The order was formerly 
divided into two subordinal groups, bas(‘d upon the conformation of the body; 
the one group including all the sharks and dog-tislu's, and thc' otlu'i- the rays and* 
their immediate allies. It has been found, howev(‘r, that although this differenci'- 
in bodily form is of considorabh'. imj)orta,nce in classili cation, yet that it does not 
constitute the essential line of distinction, which is liased upon a diffei*ence vi the 
internal structure of th(^ bodies of the vt'rb'lme. Taking this character as a basis, 
the members of the order may In? a]’i*ang('d in two subordinal groujis, the first of 
which comprises the true sharks and dog-fishes, whiles the second includes* the 
spiny dog-fishes, saw-fishes, e^igle-rays, and luys. 


The Blue Shark and its Allies, — Family Cauchaiuid.^k 

The well-known blue shark {(\trvhari(f.s (jlaacuft), of which examples are 
depicted in our coloured }?late, may be taken as the tyjiical representative of the 
leading family of the first subordei*. Before, liowevei', indicating tlio characters 
of the family, we must refer to those of tlio suborder, for which the name of 
Asterospondyli has been suggested. The essential fciaturci of this group iS to be 
found in the circumstance that when the liodies of tlni vertebrm are fully calcified, 
the radiating plates in the interior pi^edominate over the circular ones, so that a 
transverse section presents a star-like arrangement. All these fishes have an anal 
fin, and the form of the body elongated and subcylindrical, while the tail is 
powerful and well adapted for swimming. In no case arc the pectoral fins 
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expanded; and the spiracle is always small and may be wanting. The front 
teeth, and very frequently also those on the sides of the jaws, are formed on the 
iype of a laterally compressed cone with cutting edges, at the base of which two 
or more smaller cones maybe developed; but in one existing and many extinct 
genera the iiinder teeth have blunt crowns adapted for crushing. The two branches 
of the jaws do not run parallel to each f)ther, in cotisequence of which the teeth 
forai oblique rows, whereas in the rays they are set in straight longitudinal rows. 
From the other sharks the m(‘mbers of the presemt family may be distinguished 
by the absence of spines in tlie dorsal hns, of which the first is situated above 
the interval between the pectoj*al and pelvic pairs ; by the presence of a nictitating 
membrane to tlie eye; and by the teeth, when fully formed, lx>ing hollow^ and 
usually pointed. T|io bony elements in the skin take the form of minute granulei^, 
thus constituting the well-knov/n shagreen,” as the dried skin is termecl 

leal Genus t^’pical genus (Carchm^uis) 

the muzzle is ])roduced forwards, and the inferiprly-placed. .mouth 
is ^crescentic and armed witli large, flat, triangular, sitigle-coned teeth, of 
. which the uj[)por ones diffei' considerably in form from those of the lower jaMr, 
Spiracles are absent, andtlu'ro is a pit at the root of the caudal fin, which has a 
distinct lower lobe. At tlie present day these sharks are represented by between 
thirty and forty species, of which the blue shark is one of the commonest and 
most widely distributed ; while in a fossil state the genus is known from the 
Tertiary formations. The blue shark frecpiently attains a length of from 12 to 
15 feet/ but some of the other species are stated to grow to as much as 26 feet 
In common with the other larger members of the suborder, all these sharks are 
more abundant in tropical than in temperate seas ; but the blue shark is by no 
means an uncommon visitor to British wat(‘rs, more especially on the southern and 
western coasts of Ireland. Mr. J. T. (^uTingion writes that they more usually 
wander to tlie British coasts “in warm weather, especially in autumn, but they ' 
have Ipeen seen in June, and even in the month of March. They are nocturnal in 
their more active habits, taking nsst and sleeji in the daytime, often on the surface 
of the water, with a portion of the dorsal tin and extremity of the tail exposed 
above in the air. So gentle are tiny in their movmm‘nts that, unlike many other 
monsters of the deep, they do not disturb the luminous creatures, which at the 
same time will be lighting ev(ny waveb't with their phosphorescence. Blue^ 
sjliarks are not very particular as to what fish tluy take as food, though those 
\Wiieh are gregarious in their habits, like mackerel, pilcliards, and herring, are 
most commonly hunted by them. It is on i*ecoi*(l that big fish, such as congers 
and the larger dog-fisli, werci found in a di‘a<l specimen from Cornwall. Occasion 
ally they ^become entangled in the drift-nets set by the pilchard-fishers, but jihese 
sharks will also take a bait. Great care is necessary in landing a hooked specimen, 
in case it gives a blow with its tail, which may result in serious consequences, such 
as broken limbs or ribs.” It is a somewhat remarkable fact that in places like \ 
Aden^ whore sharks of various kinds abound, the natives will swim and dive 
fearlefifsly in the open sea, where a European would be almost instantly devoured 
b^tthe|e monsters. The blue shark has the whole of the upper-parts slaty blue, 
and the under surface white. 
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0\ii’ next representative of the family is the small shark 
cormnoiily known as the tope {(jalem cauit^), wliich belongs to a 
genus including only two species and c]iai*actci*ised as follows. The muzzle is 
short and tht‘ mouth crescent-shaped ; very small spiracles are pn^sent ; there is no 
pit at the root of the caudal iin, which lias only a singhi notch ; and the teeth, 
which are similar in tlu*. two jaws, have si'rrated edges, and a notch on the ‘hinder 
border. Tlio common tope, which is usually about U feet in length, although it 
may grow to 7 feet, is a very widely sprt‘ad species, ranging ovt*r all temperate 
and tr(>2)ical s(‘a,s, and visiting the shoi*es oF such widely separated localiti(‘S as 
California, the llritish Islamls, and Australia. Tn coloin* it is dark gny above, 
and dirty white beneath. The second living spi'cies inhabits the dapam'se seas; 
and teeth from the Tertiaiy rormations of Europ»(‘ liave bcuai refej*red to the 
gfmus. In habits the tope is a. bottom-haunting s[)ecies — especiall}^ during the 
winter months — and (h^vours other tish, crustaceans, and siar-lishes. It is not 
unfrecpientl y taken ])y th(‘. liiu‘, and is thus a gi-eat source of annoyance to fisher- 
men, esp(‘cially on t}i(‘ Norfolk coast, when‘ consid(irabh‘ numbej*s are sometimes 
h()ok<‘d. The young are prcxluciMl alivt‘, and it is stated that there have been 
instances of as many as fifty individuals in a singles brood. 

„ , , Having teeth wry similar to the tru(‘ sharks, the five species 

Hammerheads. *' . . 

known as hammei‘hea<ls, or ]iamnH‘r-h(‘a.de<l sharks, one of which 

(Splifjnxi Via/lras) is represented in tin* illustration on ]>. o21, form a genus unijpK^ 
among lish(‘S in the extraordinary conformation of the ]H‘ad. Instead of retaining 
the usual more or ‘l(‘ss pointcnl form, the front ])art of th(‘ lu^ad of th(‘S(‘ sharks 
is liroad, flattened, and (‘.xpanded on (aich side into a ]>rocess, on the flat hjrrninal 
surface* of which is situat(‘d the ey<‘. This, of course, is (piitt* suflici(‘nt to dis- 
tinguish the genus ; but it may b(* added that tin* caudal fin has a single notch 
and a ])it at its root, th(*re are no s])irach‘s, the nostrils are situated on the 
front edge of the head, and th<* mouth is crescent-shaped. Ida* t(*('th difliu* fi'om 
those of tht*, trm* sliarks in Ixang similar in both jaws ; tluar maigins lieing (*ither 
smooth or serrated, iramnuu-l leads range ov(‘r all the w armer seas, tlu*. common 
species b(‘ing sometimes taken on the British coast; and an extinct form occurs 
in strata of Miocene age. (blowing to a h'ligtli of some* 14 or 15 feet, the common 
hammerhead is one of the most formidable and voracious of its trilx*, and is much 
feared in the Indian s(‘as. 

Hounas somc'Avhat inappro]n*iate title are designated two small 

British sharks, one of wdiich (MuArhfs Aee’/s) is showni in the lower 
figure of the accompanying illustration. Ext(‘rnally th(*s(‘, sharks are not unlike 
the tope, but the snout is less pointed. As a genus tlu'V are characteriscMl by the 
rather short muzzle; the crescent-shaped mouth; the ])r(*sence of minute spiracles; 
the absence of a pit at the base of the c^uidal fin, which has scarcely any lower 
lobe ; and the slight difference in the size of the tw''o doi\sal fins. The teeth, 
moreover, are small and numerous, being either blunt or wdth indistinct cusps, 
and forming a kind of pavement-like structun^ ; those in the upper jaw being 
similar to those in the lower. The smooth hound, which is the species here 
figured, is generally about 4 feet in length, although it may reach to 6 feet. The 
sides of th(^ back are marked by a series of wdiitish spots, more distinct in 
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the youTi^ than in tlie adult. Fi*(;diii^ 011 molluscs and crustaceans, this sj^ecies 
(which rang(‘S over most warm seas) produces about a dozen youn^- at a birth, 
’these bein^ attaclnal by a placental structure to tlie walls of the uterus of the 
parent. C^iriously (*iiou^h such connection is, liowevi*]*, totalh^ wanting in the 
young of tbc other llritish species (il/. vahfaris). Jn habits the hounds are l)ottom- 
Jiaunting spt^cies, as imh'cd niight be inferred from the nature of th<dr food. On 



sriNY aor.-FisH and smooth hound (J nat. size). 


the English coast th(‘ smooth hound generally makes its appeariuice daring the 
summer in pursuit of the shoals of ])ilehard and herring. Sevei'al other genera of 
tliis family must b(^ passed ov(W without notice. 

The PoEiiEAOEE Onoui*, — Family LjMXirLK 

Agreeing with the typical sharks in the position of the two spineless dorsal 
tins, the,memboi*s of the present family may be distinguished by the absence of a 
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nictitating membrane to the eye; and also by the solid structure of the fully 
formed teeth, which are jjointed, and in most of the genera relatively large. In 
addition to these features, it may be noted that the gill-openings are generally 
wide, and the spirach^s either minute or wanting. This family dates from the 
period of the 01 talk, where there occur remains of species some of which arc 
referable to genera still existing, siacli as the porbt'iigles, while others indicate 
extinct generic typ(\ Tlu^ fox -sharks and the gigantic Carcharodoii are, however, 
unknown before^ tlui Tcudiary ])eriod. 

The shark {Lemma coniuhLca) commonly known to the Britjsh 

Porbeagles. porbeagle — a word supposed to be derived from 

its porpois(i-like appearance and active predatory habits — is th(i typo ot* a g(‘nus 
containing three existing species, and characterised by the small size of tluj second 
dorsal and anal fin, and the presence of a })it at the root of the caudal fin — of which 
the lower k)b(i is much dev(‘lop(‘d — and also of a keel along th(i sides of the tail. 
The teeth are narrow and sleudei*, with one or two pairs of small accessory cones 
at their bases; the edges of the main cone being smooth. The common porbeagle 
wanders all over the North Atlantic, and has also b(‘en takini in Japan; it does 
not commonly exceed 10 feet in lengtli, and its colour is dull grey abo\^o and 
whitish beneath. Its food chiefly consists of fislu's, which are apparently 
swallowed whole; the lancf't-like teeth of this shark hung apparently more 
adapted for seizing and holding than fur t(‘aring prey. The porbeagle is stated to 
be a viviparous specif \s. 

Rondeieti’s The most formidable of all the existing members of the group is 

Shark. gigantic Kondehdi’s shark {Curcliarodoii rondelclii), distitiguished 

from the porbeagl(\s by the gi‘t*at size, of the broadly triangulai’ teeth, which have 
strongly seiTat<‘(l e<lges, and may possess basal cusps. The existing spcjcies, Avhich 
is a purely jxdagic cr(\‘itur(‘, ranging over all the warmer seas, is known to attain 
a length of 40 feet, one of the teeth of a s]K‘cimeii of JIG fe(‘t in length measuring 
2 inches along the edge of the crown, and 1| inches across the base. Jr^imilar 
teeth are found in the. Crag d(‘posits of Suft‘olk, and are, nderred to the existing 
species; but from theses same beds, and also from the bottom of the Pacific, 
between ]\jlynesia and Australia, tlnue are obtained otlu^r teeth of much huger 
dimensions, some, of tlauii measuring upwards of 5 inclu‘S along th() edge and 
4 inches in basal depth. These teeth evidently indicate sharks besid(i which the 
existing form is a comparative dwarf ; and it is not a little remarkable that the 
specimens dredged from the bed of the J^icitic indicatii that these giants mustdn 
all probability have survived to a comparatively recent date. Obs<u*vations are 
still re(|uired as to the mode of life and br(‘eding-habits of Rondeleti's shark. 
Two other species of large sharks constiUite' the genus ()donia8}>if<. With teeth 
almost indistinguishable frou) those of the porbeagles, these species differ by the 
second dorsal and anal fins be,ing nearly as large as the first dorsal,* and the 
absence of a pit at tlu^ root of the caudal fin, and of a keel on the sides of the tail. 

Fox Shark Another specievs not uncommonly met witli in British watprs is 

the fox-shark or thresher vidpes), tho. sole representative 

^6f its genus, and easily recognised by the inordinate length of the upper lobe of 
its tail-fin, from which it derives its name. Growing to a length of 15 feet, of 
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which iijore than half in taken up by tlie tail, this shark has the second dorsal and 
anal tins very small ; the caudal tin extriamdy elongated, and without a pit at its 
i^)ot ; no keel on the sides of the tail ; and the teetli, whicli are similar in both 
jaws, of small size, compressed and triangular, with smooth edges. Like most 
sharks, the lhreslu‘r has a wide range, lx dug abundant throughout the Atlantic and 
Mediterranean, and also found off the coasts of New Zctdand and Califormia. The 
compai*jrtively small size of its teetli indicates that it is not adiipted for killing 
large prey; and, as a matter of fact, this shai’k chiefly feeds upon the various 
species of the herring tribe and mackerel, among which it inflicts terrible destruc- 
tion. It ‘derives its name of tlireslu*r from its habit of beating the watm’ with its 
long tail ill order to drive the incmbei's of the shoals on which it preys into a 
compact mass, when^they can be the more i*eadily vSidzed ; and its voracity may be 
inferred from th<‘ fact of no less than nineteen mackerel and two heirings having 
been'taken from tlu^ stomach of a single indivi<lual. It is cojnmonly j-eported by 
sailors that thresh(‘rs, in company with killers and sword-fish, make attacks on whales 
by leaping high in the air and b( ‘labouring the unfortunate cetaceans with powerful 
blows of tludr tails as they descend; but tlu‘se statements have been generally 
discredit(Ml by naturalists, apparently on the ground that the tecdh of these sharks 
are not adapttid for rending tlui flesh of large animals. It is, liovvever, somewhat 
diflicult on such grounds to refuse to ))eli(‘ve the circumstantial accounts we 
possi^ss, and it may Ix^ that the threshers join in the fray in oi'der to feed on the 
smaller fragments l(d‘t by th(‘/ir mon‘ pow(‘rfully armed coadjutors. 

• ^Jdie lai'gest of the North Atlantic members of the suborder is 

Basklng'Shark. . 

the hasking-shark (( V/or// ? a as us), which now alone represents 

a genus Vvith the second dorsal and anal tins vi‘ry small, a pit at the root of the 
caudal tin, a keel on (xicli side of the tail, the gill-clefts very large and wide, 
and the teeth very small, nunua-ous, and conical, without basal cusps, and seldom 
seiTated at the edges. Idiis shark, which grows to a Itmgth of ov(U’ 30 feet, is 
regularly hunti'd on the west coast of Iceland for tlu‘ sake of the oil from its liver, 
of which a singh^ fish may yi(‘ld considi'rably more than a ton. It derives its 
name from its habit of lying motionless during calm, warm weather on the surface 
of therwatoi*, with th(i tall first dorsal fin and a considerabl(‘ portion of its back 
exposed ; several individuals often consorting together. The gill-arches are provided 
with very long rakers bearing granular tooth-like structures ; and in the young 
the muzzle is relatively longi'r and more pointed than in the adult. Unless 
atfcicked, when it can inflict blows with its tail capabh^ of staving in the sides of 
a boat, this shark is perfectly barmh'ss, its food consisting entirt'ly of small fishes 
whicli ,swim in shoals, and various invertebrates. Kemains of an extinct species 
occur in the Pliocene dej)Osits of Belgium, while others from oldei* Tertiary beds 
have been t(‘ntativi‘ly assigned to the gtuius. 

iNDo-lhvruFJO Basktng-8 n ARK, — Family Hiiikodoxtjiu^:. 

Although resembling the true baskiiig-shark in the large size of its gill-clefts 
aitd'the structure of its gill -rakers, the gigantic vS])i‘cies {Jihiuodou iyph-us) figux’ed- 
in the illustration on p. 528 differs in having the mouth and nost)*ils situated 
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near the extrc^iuity of the muzzle, as well as in tlio backward position of the small 
first (loi'sal fin, wliich does not reach to the level of the highest point of the bc'ick, 
iiist(‘ad of standiiio- immediately above it. Moreover, instead of being- subcylindrical, 
the whoh‘ body of this shark is markedly depressed and the huge mouth forms a 
iK'-arly oblong aperture, arid is armed with bands of very small ahd numerous 
teeth. The sides of the tail bear a well-defined keel, and tlu^ lower lobe of the 
caudal fin is well developed. In its varied coloration this fish difiers markedry 
from th(i majority of sharks, b(‘ing ornamented with buff* spots and stripes upon a 
dark ground. Althoiigli probably widely distributed within the tropics, this 


mm 
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monster has hitherto been m(*t with but locally. Foi'inany years the sohi evidence 
of its existence rested u])on a sjiecimen, 15 fe.et long, bi‘ought ashore in Table Bay 
in April 1828, which fell into the hands of the late Sir Andrew Smith, who 
df;scribt‘d and figured it. This spi^imen was preserved by a Fi'ench taxidermist, 
who sold it to the Paris Museum, wlK‘r(‘ it still remains. Forty years later, in 
1808, Dr. Perceval Wriglit, whilst staying at the Seychelles, met with tliis shark, 
and obtained the first authentic information about it. It does not seem to be rare 
in that archipelago, but is very stddom obtained on account of its large size and the 
difficulties attending its capture. Dr. Wright saw specimens which exceede*! 
50 feet in length, and one that was actually measured proved to be more tHail 
45 feet long. Nothing more was heard of the species until January 1878, in 
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which year tlie capture of another specim(in was r(‘ported from the Peruvian coast 
near Callao; hnally, in tlio “nim^ties” it was discovered on the west coast of 
Ceylon, where two or three specimens were obtained. One of thestj was pi*esented 
to the Britisli Museum ; and, having been moiintt‘(l, is now exhibited in tl\c Fish 
Galjery, where it forms one of the most striking objects, altliough only a young 
exaiiijlle, measuring J 7 feet from tlie end of the snout to the extremity of the tail. 
It has* been stated that this fish feeds on seaweeds, but it is more probable that 
its food is similar to that of tlie bask ine*-sh ark. 








LESSER SPOTTED DOO^FISII AND ITS EGGS (f liat. size). 


• The Dog-Fishes and tiietr Allies, — F amily { icYLLiw ^ r .. 

Agreeing with the preceding families in tlie absence of spines to the dorsal fin, 
the dog-fishes and their allies may be distinguished from the sharks hitherto 
noticed, in wliich the mouth is inferior in position, by the more backward situation 
of the first dorsal, which is placed above or behind the line of the pelvic fins. 
They have no nictitating membrane to the eye; and the teeth arc small, uiith 
several series generally in use at the same time. In all there are distinct spiracles, 
vo^. V.— 34 
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R(‘pr(‘Sont(‘fl in Briiisli waters by tlK‘ hir^ov {Scy Ilium canicuht), 
and l(‘sser spotted do^-tish (aS^. adiilns), this ^eniis is cluiracterised hy 
t]u‘ lirst dorsal tin l^(‘ino* a-hove or ])ehin<l the liiK^ of tin* p(‘lv’ic ])air ; by tlit^ oripn ' 
of tlie anal bein<;’ in advance^ of tlu‘ line of that of tlie second dorsal : the absence 
of serration of tlu^ np]H‘r edn(‘ of the cainlal tin; and the small and dedicate teeth, 
which ar(‘ an-an^-ed in nnni(‘rons sei*i(‘s, and ^enei-all}' liave a lon^ central cusp, 
tlank(Ml by one or two small omss on (‘ach side. About half a scoi‘(‘ of sp<‘cies" hav(^ 
be(‘n desci’ibed, ran^ino' ()V(*r the coast-rei»ions of most t('mpt‘i‘at(‘. and ti'opieal species, 
and all of comparativ(‘ly small siz(5 : the majority ha\'ing pndtily spottiMl skins 
Tlu‘ir food consists mainly of crustaceans and molluscs: and thei]* llissh is eaten 
not unfre(jut‘ntly b^' fishermen, while in th(‘ Orkneys, wl u‘r(‘ tht‘ British species are 
mor(^ abuialant than (‘lsewh(‘re, it is r(‘gularly dried for winter cji)nsum])tion. Tlu^ 
shag)’i‘(‘n of tlunr skins is also (‘mploy<‘d in wood-polishing. These sharks lay eggs 
of tlui form shown in our illusti‘ation. Fossil dog-tish(‘s dab* from the* period of 
tin* (.'ha Ik ; and tlu^y an* r(‘pj*(*s(‘nt(‘d in the Kim(*i*idge (Jlay by the extinct 
J^ifJtrosryllui'hi, in which the origin of tht* S(‘Cond dorsal fin is plac(‘d in advance cf 
that of th(‘ small anal. ^ 


^ , Ainong sev(‘ral alli(‘d g(‘n(‘ra W(* ma\' esiM'ciallv notice the zebra- 

other Genera. 1 t y , • • r. 1 I T ^ ‘ • . 1 ‘ 1 

shai-k hffrunan) of the Indian Oee*an, attaining a< length 

of from 10 to In feed, and noticeable for its handsome coloration, which consists of 
a lirownish ye*! low ground-colour, marke^d with black or brown transv(‘rse bars 
or I'ounel s]K)ts. In this tish the* first eleirsal tin is abeive* the* line* of the [lelvic pail*, 
while* the* se'cond is in aih ance* e>f the* line* eif the* anal, which is approximateel to 
the* cauelal : the* latte'i* b(*ing gre*atly ele)ngate.*el, and e*(pial te) half the* te^tal length. 
N'ouiig spe*cimeais e)f this shark are* ge*ne*rally me‘t with ne*ar the* coast, but the* 
aehilts are more or ](‘ss })e*lagic. l)og-tishe‘s of smaller size* fremi the* Indian Ocean * 
constitute the ge*uus (•ItUo^vyllni ih , in which the first dorsal tin is e‘ithe.*r above* or 
be*hind the* line of the* pe*l\ ics; while* the* anal is far be‘hinel that e)f the* sec(.)nd 
dorsal, and close te) the cauelal ; the te*e*th be‘ing small anel triangular, with or 
without late*ral cusps. The*, existing s])e*cie*s are* very hanelsome*ly o]*nam(*ute*el with 
elark banels anel sjieits. In a fossil state* the* ge‘nus has be*e*n re*ce)rde*el from the* 
J\lioce‘ne Te'rtiary. Tlir(‘(* be)tte)m-haunting sharks fre)m the* »)a,])anesei anel Austraiiaif 
se‘as have b(*e*n de^sci’ibeel unele*r the name ejf (^roxsorhi and are ivmai’kable for 
the presence of leaf-like* (*X])ansioiis of the* skin ein the* side*s of the* he*a,el. As in 
the case of other* tish similarly aelorne-el, the*se‘ structures are* probably for the, 
pui-pejse* of attracting prey: and in oreler that th(‘y may be* we*ll conce.‘aleel, these? 
sharks have a ceiloratioii closelj^' assimilating to tliat of a rock covered witli se?a- 
weed or coralline*s. 


The Pavement-Toothet) Shaiiks, — Family (^ESTnACUnxTJDA^, 

The well-known Port Jackson sliark jflfiUpyi) anel three allied 

species are the sole^ existing representatives of a family which was exceedingly 
abundant during the* ASeconelary epoch. Th(‘y differ from all the foregoing in 
the* presence of a sti*(mg spine on the front edge of each of the two dorsal fin's. 
The first dorsal tin is situatc*d above the space* between the p(*ctoral and pelvic 
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iniirs- and the, tenth, of whicli several series are in use; at the same time, are more 
I)r less blunt and broad, more* especially in the. hinder part of the jaws although 
those in each oblicpie row are never fused together into continuous plates. In 



the existing genus there is no nictitating membrane to the ejt, the bodj is 
moderately elm.gated, with the second dorsal tin in advance of the line o the 
anal: and the mouth is almost or ((uite terminal. In the dentition, the trout teeth 
ai’(‘ siiiall, iiuiiu‘mus, and 
sliarp, A\dnlr tlu' luwdov ()ii(‘S 
{irclii-oad and llattcnod, M'itli a 
.siio*]it longitudinal i’id;;-(‘and a 
ornani<‘niation. Tin* 
spiiirs of tli(‘ dorsal iins a.r(‘ 
sniootli, covrivd on tlio side's 
with a thick layer of ganoin . 
lh(‘ slia^*i*i‘<‘n is tine; and the 
hea<l IS ([(“void ol s])ines. In 
tlu' existing’ spech'S tlu' e^’u- 
(-apsulc's assmiK' a ri'iiiarkahh' 
screw-like i'orin, (piih* unlike 
thiit of any other nieinher of 
the family. The living- nn'in- 
l)('rs of the ^enns, noiu' of 
wliich exc(ied 5 feet in lenoth, 
have l)C(*n recordcHl from the 
seas ot' Japan, Amboyna, 

Australia, tlu'. Galapagos 

Islamls, and C^alifornia ; whih; remains of extinct fonns occur in the Cretaceous 
and Upper Jurassic strata of Europe. Very little appeai-s to be known as to heir 
habits; but their food is stated to consist principally of molluscs, the haid she.> 
of which aiv crushe.l by the pavement-like hinder teeth. 



LOWER JAW OF TfUlT JACKSON SHARK liat. sizc). 
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Of tlKi numerous fossil ^(‘uera of the family only a very brief 
Extinct Types. made. One of the earliest is the Carboniferous 

Orod'tis, with teeth veiy like those of the later llt/hndits, ran^dng from the Trias 
to tli(i lower CretactKHis. In the last-named ^eiiiis the notoeliord is persistent, the 
bluntly conical or cusped teeth have a central and two or more lateral cusps, the 
fin-spines are ridded, and there are two hook-like spim‘.s below each eye. Acrodus, 
with a neai’ly similar range, has, on th(‘. other liaiid, blunt teeth; wliile the Jurassic 
Asteracauikiifi (lifters from Hj/htnltfs by its rh(jmb(jidal, j-oughen(‘d, and flattened 
t<‘eth, find the star-like oi'nairK'ntatioii of the spines of the (hu'sal fins. In 
Sifvcchodm of the Chalk all tlm t(‘eth are cusped; the anterior ones having a tall 
C(aiti*al cusp, flanked with fj‘(jm three to live small lateral j)airs. An allied extinct 
family (^C(jcldi()(/(rntLd(t'), confined to the Carboniferous i*ocks, diflers by the 
component teeth of at h^ast one of the obli(pie rows being fused into a continuous 
cui*v(.‘d plate, which may b(^ eitlna* smcjoth or ridged. Many of tlie extinct 
i*epresentativ(‘s of these families exce(‘ded the Port Jackson shark in size. 


The Comb-Toottiet) Suabks, — Family Notidaxjtkr. 


A very remarkabh^ family is now repr(‘sented by the four species of comb- 
toothed sharks {Xotidau its) and the frill-gilled shai'k {(^Idamijdosrlarhf' inigninaiis), 
tlie lattoi’ of which is sliown in the illustration. WlH‘r(‘as in all other isliarks the 
gill-clefts are four in numbm', in the present family th(‘y arc incr(^as(‘d to five or six ; 

while there is a -'further 
p(‘culiarity in r(‘gard to the 
structure of the skull. It lias 
been alr(iady statial (p. 520) 
that in tlu^ more typical 

LOWKU TEETH OF EXTINCT COMB-TOOTHED SHARKS. sliarks tllC luuctional loWi'l* 

jaw is articulated to the 



cranium by tlie intci’V( 3 ntion of the hyomandibular element; but in the Port 
Jackson shark this element becomes reduced in size, and the palatoptt'iygoid bar 
(tlie functional upper jaw) has a fac(‘t by which it articulat(‘s directl^^ with the 
cranium. In the present family, on the other hand, tlie liyomandibular takes no 
sliai'c in the suspension of the jaws, which are articulated to the cranium sohdy 
by moans of the facet on the pal atop terygoid bar; tlui latter joining a corre- 
sponding facet on the cranium behind the socket for the eye. In addition to tlit^ir 
more numerous gill-slits, the comb- toothed sharks are distinguished externally 
from all those hitherto considered by having only a single dorsal fin, which is 
situated far back on the body and has no spine. The tyo is devoid of a nictitating 
membrane ; the spiracles are small ; and the teeth, of which several series are in 
use at the same time, have sharply-pointed cusps. 


Typical Genus typical genus the body is moderately elongated, the 

mouth inferior in position, and the gill-openings, which may be either 
six or seven in number, are devoid of flaps. The principal teeth consist of a series 
of cusps placed upon a long base, all inclining in one direction, and decreasing in 
size from the front to the back ; the number of these cusps being greater in the 
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teeth of the lower than in tlioso of tlio upper jaw. Witli tli(‘ occasional (exception 
of some portions of the tail, tlie notochord persists througlioiit life. At the present 
day the range of the existing iiiemhers of the genus inelud(‘S most temperate and 
tropical R('as, sotiK^ of ilie s])ecies reaching as much as 15 feet in haigth. Whereas 
in the gre^y comh-toothed shark (Koftdanivs fjrtseii'^)y of th(‘ Atlantic and SfcMliter- 
ranean, the numbin’ of gill-clefts is six, in each of the other three species it is sevini. 
Fossil species occur from the I'liocene to the miiLlle Jurassic, many of thisse, like 
till’ one of which two teeth ar(‘ sliown in the illustration, ])eing of much larger 
dimensions than any of the existing forms. As to thi^ habits of these sharks, there 
appears to be practically no information. 

FiiUGiUed From the typical genus of the family the Japanese f rill -gil led 

Shark. shark ditiers by th(‘ greatly elong<it(‘d and slender form of the body; 
and by each of the six gill-clefts being protected by a frill-like flap of skin The 
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teeth are also of a somewhat simphs’ structui’i^ being similar in both jaws, aial each 
consisting of tluee slimde)-, curxed ami su])Conical cusj>s, separated by a i)aii* of 
rudimentary on(‘s , wdiile th(‘]*(‘ is an unpaireil median series at the extremity of 
the lowei’ jaw’’ only, instead ol in both the upper and the lower Although mainly 
jxu’sistent, thi‘ notocho]*d is in part rt‘placed by ill-devidoptsl vert('bia‘ of tlie type 
characteristic of the subordei\ Fossil teeth from the Euro}>ean ]\liocene ha^e been 
assigned to this genus. 

The Spixy Doc^-Fishes and theih Allies, — F amily Spixacw^e 

Although th<^ members of the ])resent family a])proximate in tln'ir external 
eonlorniation more tcj the typical sharks than to th(‘ rays, ;\et in tin* structure of 
their vertebra) tiny agree with the latter. Accordingly, 1)oth th<‘ spiny dog-fislies, 
rays, ipaw-fish(‘S, and their kindred are regarded as forming a subordc'r (Tecto- 
spondyli) distinguislnsl from tlie one including th(^ preceding hnnilies by the 
following charactm’s In th(' l)odies of tlu* v('rtebras wdien fully developcsl, the 
concentric calcified plates an moi’o nunuTOus than those radiating from the centn^ ; 
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and tlio, ana] tin is invarial)]}" \vantino\ In tln^ nioiv s[)ecia]isod forms tlio body is 
^■reatly d^^vclojxMl, and tlui jxictoral tins attain an taioiaianis dt'Vflojaiu'nt ; while *tli(i 
s])ira-cl(‘s are of lai‘<^e siz(‘, and always retained. Tlu‘ present family includes tlM‘ 
most ^(‘lUiralistMl meml)ers of the ^roup, in which the l)ody is cylindrical or 
triangular, and but wry sli^-htly <l(‘pi-i‘ssed ; th(‘ mouth bt‘in^ gently a relied, and 
the muzzle- blunt. The pectoral tins have no forward })rol on Ration, and 'arc not 
notcluid at tludr jioint ol* origin; and the small and latm’al gilhc‘l(‘fts may be 
<‘ithoi* in the line of the 2 )ectorals, or half b(‘low. 1'h(‘ large* s])ii*acles arii jilaced 
b(*hind the ey(‘S : there* is nej nictitating me'udjrane to the e\ye ; anel the* twe) eloi*sal 
fins may or may not be*. ju’ovideHl with sjmms. 

The cemnnon sjany, ea- 2 >icke*el, elejg-lish {AviOithla^ rtAg(frls)^ 
she)\vu in the u^iper figure; of the* illustration eai ]>. 525, is the most 
familiar re*jire‘se‘ntativ(* of a veiy small g(*nus characterise**! by the* ])re*se*nc(i of 
s2)ines to the ele)rsal fins, and by the; pe*culiar feirm e)r the te*('th, which ai*e similai- 
in the two jaws, and small, ti*iangulai*, and ce)mpi‘e*sse*d, Avith the poijits much turne‘d 
asiele*, and the; cutting-e‘dg(‘ feu-me'd by the inne*r margin. The* e?e)mmon spccie*s 
me*asure‘s freaii d to 4 re‘(‘t in l(‘ngth, and is slaty blue* abeive, and yedle)wish white* 
Ix'neath. It is very abundant on the llritish coasts, some*time‘S making its ap 2 )t‘ar- 
ance in such incivelibh; nuuebers that u]>wareis e.)f twe‘nty thousanel were once* 
captured in a single haul on the Cornish ce)ast. In ce)mmeai with an allie**] specie*s 
(A. hldinvUlci), this <log-fish pjvse*nts the* ])e‘culiarity e>f inhabiting thei twe) 
l-e‘mp(*ra,te zemes but be‘ing unknown in the* inte'i've-ning tre)pical se‘as. The e‘ggs 
are* hatch(;d within the* body e)f the* fe*ma1e*, anel a ce)nsiele*rable* numl)e‘r of young 
are* proeluce**! at a birth. Somewhat elaiigeu’ous Ave)unels rt‘sult IVean the* s])ine*s. 


other Genera. 


Ame.)ng e)the‘T* type‘S, we; may notice* the* ge'inis Cca//*oy>//ora.s*, 


re*])rese;nte*el by e*ight Kuro])e*an .s])e*cie‘s, anel a. ninth Frean the* Me>luccas, 
all of which ditier fremi the la.'^t by the; u[)pe‘r te*e‘th be‘ing e*re‘et anel spe.*ar-like, with 
a single; cus^) : the ele)rsal s])ine;s be*ing e)Fte*n \ery small. A])pai*e‘ntly not e‘XceM*eling 
5 fe*c*t in le*ngth, these shai-ks ai‘e noteworthy on ace*e)unt e)r the; ele*[)th at which 
the‘y live; one of the; s})e*cie*s being caught with li)ie‘s at a de2)th e)f from thre,‘e to 
four hundred fathoms off the* coast of Pe)i*tugal. Whe*n haule*d u]), these fish are* 
eiuite de*ael, e)wing te) the eliminisheel 2)re*ssure*. A fossil sja;cie*s occurs in the Chalk 
of Syria. Jn the typical genus Hpituu' the* te;e*th in the two jaws are likewise 
elissimilar : but those of the. lowe‘r one are broaden- than in the* last, although Avith 
the* points similarly turneel aside. The; genius is now re‘j)i-e*se‘nted hy tln-ee small 
spe*cies fremi the* Atlantic anel the; (*xtre*.mity of Semtli Ame‘rica ; hut has b(.*eni 
rt*ce)rdoel from the Mie)ce‘ne Te‘rtiary. The Creenland shark (La'annyus Inmialix) 
eif the Ai’ctic seas, which occasionally strays as far semth as Bi*itaiii, ]*(*prcs(;nts 
another ge*nus characterised by the small size of all the tins and the want of spines 
tf) the elorsals, the; first of which is situate‘el considerably in advance of the pedvic 
pair; the skin being uniformly covereel with small tubercles. In the ujijier jaw 
the; teeth are small, narrow, and conical ; but those of the lower jaAV, which are 
numerous and form s(;veral series, liave their points so much bent to one side that 
their inner margins form the cutting-edge, which is not serrated. Growing to a 
hmgth of 15 fe'et, the Greenlanel shark is a el(;termined enemy to the right whale 
of the same seas; and when feeding on the carcase of one of those mamhials 
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becomes so intent on its occupation as to allow itself to 1 k‘. harpooiied without 
attempting to escapes t\)ar living young are stated to be ])roduc(‘cl at a birth. 
Finally, wc liav('. the i^inny i^]]nvk (Eclf I iif)rhl mis sj>l nosns) of tla^ JVIeditei’i*aneau 
and Atlantic, which while agreeing with the last in tlui small siz(‘ of the lins and 
the abseuc<*- of spiiu‘s to th(‘ <lorsals, diflers by th(‘- teeth being alike in both jaws, 
and hy'tlu‘ pr(\simce of large, round(Ml tuberch‘S scattered over the skin; the body 
being veiy bulky, and tlui tail shoi*t. "Pliis shark lives at considerable depths, and 
Imt rai'ely com(‘s t<j the sindace. 

The Extix(T PE'rAEODoxTS, — Family PKTJLODnxriDAJ. 

The (‘xtinct genera J^'/nlodns and together with s(‘V(U’al other allied 

tyjM^s from the (1tirbonif(‘i-ous ]-(3cks, represtmt a family apparently connecting tlui 
la'st with the more typical l ays. In thes(‘ lisluss tlu' body is mod(‘i*at<‘ly depress(‘<l, 
and the ])(‘Ctora-l iins ar(‘ laigt* and continut^d antm-iorly towards the head. The 
keetlv '^'hich gtaieraJly ha-vc‘ iarg(‘ roots, are com])r(‘ss(‘d from front to back, with tlie 
crown more or l(‘ss bent backwards and (dther with a sharp cutting-edg(‘, or very 
blunf. In the month tiny wei'e arranged in straight I’ows to foi'in a pa^'ement. 

dhiE Axoel-Fish,— Family Hf/rjTlxnLh\ 

dlie sole existing r(‘]m‘sentativ(‘, of its family, the ang(‘btish, or monk-tish 
i)ul(j<(rls), v.imstiinU's, so far as (*xt(‘rnal form is conc(‘rned, a kind of 
connecting link Ixdweiai the shai'ks and the i*ays. Having th(‘ body as much 
depressed as in some of tlu‘ latt(‘r, the angel-Hsh diflers in th(‘ nearly terminal 
position of th(‘ month, and also in tin* circumstance that Avhil(‘ the basal j)oi*tion of 
the pectoral fins is much ju’odncc'd forwards, it »lo(‘s not exUaid so fai* as to join 
tlu‘ head. The wi<le gill-clrfts are laU‘ral in position, and i)artly covenvl by the 
base of the pectoral tins; thi‘ spii*acies aic Avide and ])laced behiml the tyes ; and 
the teidh art^ conical and ])ointed. Spini's arii wanting to the, dorsal tins, which are 
situat(‘d on the tail ; and the skin is stnddt'd with tnb(‘rcles. Not nnfnapiently 
•growing to a h*ngth of at haist 5 feet, the angel-fish lias an almost cosmopolitan 
distribution, and is by no means uncommon on the British coasts, moi*e especially 
in Scotland. In colour it is mottled chocolate-brown above, a, ml whitish beneath, 
and exc(‘pt that it produces liA’ing young, Avhich may number as many as 
.twenty at a birth, its gema-al liabits are similar to those of the rays. Fossil 
species of angebtish j*ange through the Tertiary and Cretaceous strata to the 
upper Jurassic. 

T}{E Saw-Fishes, — F amilies PuiSTiorifoniD.E and Pbtstida:. 

lTni(|m; among the whole class on account of the production of the uppei* jaw 
into a long flattened beak, furnished on either edge with a series of large, sharp, 
and pointed teeth, set in distinct vsockets at a considerabh^ distance from om^ 
another, the saw-fis]H‘s form two well-defined families, the fii*st of which approxi- 
mates to the sharks in the position of the gill-clefts, while the second agrees with 
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the Ttiys in tlie same particular Each contains but a single existing genus, and 
the tirst is unknown pK'vious to th(‘ present epoch 

side-GiUed The four species b(^l()ngini> to the tirst family, one of which 

Saw Fisbes risiiopltorn^ jaj)ont(its) is showm in the illustration, are com- 
parativ(^ly small fishes confined to the Japanese and Australian seas Ha\ing the 
body seucely d<‘])icssed, and the pectoial fins of modeiate dimensions, aud not 
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extending forwards to th(' liead these saw-fishes aie distinguished by the lateral 
position of the gill-el<dis, and full d(\elopment of thi‘ so-called prepalntine 
cartilage and th(‘ jnestuiee of a pair of long tentacles on th(‘ lower aspect * of the 
jaw In ladnts th(‘s<‘ Usings probably k st mbh^ those of tlu^ next genus 

Distiibuted o\er all th<‘ warmer se,is tlie imunlxu-s of this g(mus, 
among wdiich <nii iqitorxirn of the ’M(‘dilerranean and Atlantic 

is most commonly nnd with ditii i fioin the hist, not only in the infdior position 
of the gill-chtts but likiwisc' in the small develonment of the imepalatine 
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cartilages. The teotli of the saw aie firmly implantod in distinct sockets of calcified 
cartilage, while those in tht‘ jaws ait* minute and blunt The wide spiracles are 
situated behind tlie ey(*s , the dorsal fins are without spines, the first being placed 
above or near to the lint* of the base of the pehic pair, and the large caudal fin 
may or may not ha\e a distinct lower lobe The saw consists internally of three, 
or sometimes li\e, hollow calcified cartilag(‘s, in the form of long tapering tubes, 
placed sidt* by side, and h(‘ld togt*ther by integument, which is likewise more or 
less hard (*ned by till* d(‘p()siti()n of calcaieous matter S(*v(*ral existing specit's of 
the genus have been described, which are most abundant in the trojiical seas, and 



. JWVMSE b\w FISH (^nit bize) 

some of which are distinguished by the shapt* of thi* caudal fin, and tlu* number of 
pairs, of teeth in the saw^ These fishes not uncommonly giow to 20 feet in 
lengthy but D.iy records oni* of 24 fist, in such monsters the saw ma} l)e fully 
f) feet in length wnth a basal width of 1 foot Some of the Indian species ascend 
rivers to a considerable distance be \ ond the intluence of the tides Saw -fishes use 
their weajion of offence by striking sidew^ays through the w^ator, and thus inflict 
terrific injuries, literally tearing to pieces the soft-parts of such animals as they 
may strike . and it is stated that in the Indian (*stuaries large ones ha\e been 
known to cut liathers completely in two After tearing off pieces of flesh or rip])ing 
up the body of their victim with tlu* saw, these lishes sei/e and swallow^ the smaller 
fragments tlius detachi'd in tlK*ii mouths In the ]\Lilayau region the flesh of one 
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of tlie spedeK is lii^lily as foo<.l ; iiiid its tins, lik(‘, those of sharks, are, 

after due pr(‘])aration, exjmrted to China. 

Fossil remains of (*xtinet sp(‘eies of tht‘ gtmus occur tliroui^hout a lavi»‘e portion 
of the Tertiary formations: and an allic'd Eoctaie ^enus, P/*o/>/vW/.s‘, ditiers by the 
circnmstanc(‘ tliat tlie ttvdli of tlie saAV are not implanted in caleitiecf sockets. A 
V(‘ry r(‘markabl(^ type of saw-lish {Svlrrorlnjiirlms) has hdt its n^mahvs in the 
Cretaceous rocks of Syihi. Not only d()(‘s this tish ditfiu* from the livin<>^ forms by 
tli(‘ distinctly d(‘pressed foi’m of th(‘ relatively short and broad body, and tlie 
backward (‘xtension of the p(‘ctoral tins, which almost reach the pelvic parr, but 
the t(‘eth, inst(‘ad of b(‘in^‘ im})Iant(‘d in sock<‘ts, an* m(‘}*ely attached to the skiiid)y 
an exj)and(‘d and ci*im])ed base*. Moreover, tlie C(‘ntral of the three rOds in the 
interior of tin* saw (*xtmi<ls to tlu*, saw’s (‘xtremity, instiml of stopjiiiig short; 
ami it is not a little interesting* to find that from tlu* smalh*!* teeth at the lia.se of 
th(* saw a complete gradation can be traced to the tub(‘rch‘S dotting* the •skin. 
Assuming, as is most jirobably the case*, that saw-iish(‘s ari* nothing* more than 
highly siiecialised sharks, it is somewhat remarkable to ti ml that tin* (*arliest known 
member of tiie family has a soim'what skate-liki* form of body, and a of 

d(‘ntition which couhl not appari'iitly be very readily modilied into that of the 
<‘xisting forms. 


The Beaked Kays, — Family Riuxohatiilk. 

With this family we come to tin* first of what may propeidj' be tevmed tin* 
rays and skati's, in all of which tlu* pectoral tins a-ri* so extended forwards as to 
join tlu* head, and thus form, with the liody, tlu* so-call(‘d “ disc'’ : the dorsal tins 
b(>in^ always situatc‘d on tlu* tail, and tlu* mouth IndniL^ <;*en(*rally, and tlu* niH-elefts 
always, infi*j*i()r. Ju tlu* jiri'sent family the tail is lon^ and powerful, with two 
W(‘ll-develoj)(‘d dorsal iins, and a. lon!L»’itudinal fold on each side; tlu? disc is not 
excessiv<‘ly dila,t(‘<l, tlu* rayed ]X)rtiou of tlu* pi'ctoral lins sto]>pin^ short of tlu*, 
beak ; and th(‘re is no electric orpin. SkaU‘s and rays in p'ueral arc* ainbiio- the 
most hidi'ous ami repulsive of all tish, some of them — especially in the warm(*r 
s(*as — attaining enormous dimensions: whih^ some a-}*e danpirous from tlu* wounds 
inflicted by the spim*s of their tails. The tooth -liki* tubercles on the skin 
freipie.ntly attain a p*eat develoimient, and are a^p*(*pited into prominent bosses 
or lono*itudinal ridp:*s. Dr. (dunthei* writc*s that tlu* mode of life of thesi* fishes is 
(piite in accordance with tlui form of tlu‘ir body, tlu* ti*ue rays leading a sedentary 
life, moving slowdy on the bottom of tlu* s(*a, and rai'i‘ly ascending to tlui surface. 
Idieir tail lia>5 almost entirely lost the function of an orpin of locomotion, actin}^ in 
some mer(*ly as a rudd(*r. 1'lu*y propvss slowly liy m(*ans of the pectoral fins, tlu*. 
broad and tliin mai'gins of which are set in an undulating motion, (*ntirely idimtical 
with that of tlui dorsal and anal fins of the lAenrovectlda'. Like the sliarks, they 
arc? exclusivc?ly carnivorous, hut h(*in^ unable to pursue* and catch rapidly moving 
animals, th(‘y feed chi(*lly on molluscs and crustac(*ans. The colour of their intepi- 
ments assimilates, liowever, so closely to that of theii* surroundings, that other fishes 
approach near enough to be cajitured by tlu*.m. The mouth of tlie rays being 
entirely on the lower surface of the head, the prey is not directly seized by £ho 
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jaws; but the fish darts owr its victim so as to cow r mid liold it down with its 
body, wlicii it is c(aiv(*yc(l by some rapid motions to the moiitli. Ihiys do not 
descend to tlie. same* depth as sliarks: witli oiui excejition, none are known to have 
been caught by a divdye working in more than one hundred fatlioins. Tlie majority 
are coast-rtshi‘S, and liave a comparntividy limiti‘d ^eogj*aphiraI ranoe, none (‘xtend- 
ing fn,uu the northern into the southern t(‘mp(‘i-at(‘ zoik*. Some ot‘ tie* eagle-i-ays 
are, hbwi^A'er, more or less pelagic, althougli wlum tliese are nu‘t witli swimming in 
the open sea it is proliable that shoal-watm* exists at no gri'at distanc<*. As may 
be observed in many ol‘ the lochs on the west coast of Scotland, wh(‘re these loath- 
some cieatures may be seen Happing lazily aloiui at the bottom of the chair water, 
skates and rays are mor(‘ or less gri^garious fisla^s. Tlnw fnspuaitly arrive suddenly 
oil oyst(;r-beds, — to the dismay of the owners, — where tlu‘y appear to remain so long 






' ti HALAVI HAY (1 lUlt. SlZo). 

tjis any of tlu^ molluscs an* obtainable. Writing of the siiecies armed with caudal 
spine's, ])ay observes that they lie concealed in tin* sand, and are ivjmted to bo 
Sible to suddenly encircle fish or other prey swimming above them with their long 
whip-like tails, and then wound them with their serrated tail-spines. Many laj-s 
ascepd rivers to considerable distance, and 8onu> kinds, especiall} in Jiopical 
Am(‘rica, are exclusiv(‘1y inhabitants of fresh waters. Nearly all lay eggs. 

To illustrate the typical genus, which is represented hy about 
Typical Genus. speci(‘S f roin «ie warmer seas, we take the halayi ray 

( Hhiiwbati ff halavi), which rang(*s from the Mcditerranc^au and the coasts of \\ cstein 
Africa to China. In these fish the depressed body passes imperceptibly into the 
tail : the muzzle is produced into a long beak, the space bctw(*en whicli and the 
pectoi’al fin is occupii^d by a membrane ; and the wide nostrils are oblique, with 
their front valves separate. The blunt teeth are marked by an indistinct trans- 
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verse ridge ; the dorsal fms, which arc situated far behind the pelvic i>air, have 
no spines; and the caudal has no lower lobe. Fossil species are found from the 
Tertiary to tlie upper Jurassic. The allied Australian genus Triyono-rhina difters 
in havinf the front nasal valves united, and forming a broad quadrangular flap. 










'V- 








TIIOHNBACK SKATES (;jV, 


The third genus of tlie family, which is represented by two 
RhynchobatiB. from the coasts of the tropical portions of the Indian Ocean, 

differs in that the first dorsal fin is placed above the pelvic pair, in the presence 
of a lower lobe to the caudal, and also in the form of the dental plate, which is 
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deeply undulated, so that t}u‘ prominences of one jaw tit into liollows in the 
opposite one : tlu^ individual teeth ])eing more or less diamond-'sha 2 )e<l. Those rays 
do not exceed 8 feet in Iciioth. Several extinct ^•onera occur in the upper 
Jurassic str|ita of Eurojx? 

The Tjiue Rays or Skates, — F amily jR>4Z7Z>.^. 

^Represented ])y upwai’ds of seven British speci(\s, all of wliicli belong to the 
typical genius, tlie true I’ays art‘ charucterised b^" thi) bi‘oad and rhombic form of 
the disc^the skin of which is generally marked with tootli-likc rugosities. The 
tail has a longitudinal fold on ('acli side, the d(‘gret^ of <l(^velopment oi' the median 
fins is variable, aiuk the rayed portion oi the p(‘ctoral tins ext(‘nds to tlu' muzzle. 
With the exception of occasional tracers in the tail, electric organs are wanting. 
Of the typical gcauis we take as a 
well-known examph' the common 
Brftish* thoj-nback {RdUt chi rdf a), 

*of wJiucJi tw 0 examph's nvo shown 
in the illustration. In this gtaius 
the tail is vtuy sharply defined 
fuom the disc, which is gtmcrally 
covered with rugositic's ; the 
pectoral fins stop short of the 
extremity of tlu^ muzzles ; the 
pelvics (ii’e rleeply notched, with 
a stout front cartilaginous ray ; 
the tail carri(‘8 two dorsal tins, 
and the caudal is rudimentary, oi' 
wanting. INlost of ih<‘se skates ai*e remarkable for ])resenting sexual differences, 
whicli* in the thorn back and several other species display themselves in the dentition, 
the te(‘th of the males being sharp and pointed, while those of the opposite sex 
aiHi blunt and llatteiu'd. Wh(U*eas the males of all the species are armed with patches 
of claw-like spines lying in grooves on the upper surface of the i^ectoral fins, and 
frequently also on the suh's of the head, the females of some species have a kind 
of buckler of asperiti(\s on the disc, which is wanting in tlui other sex. In other 
gCases tlie variation takes the form of a <liirerence in colour. The numerous 
iifembers of this genus are in the main characteristic of the cooler seas, and while 
they are more abundant in tlie Northern than in the Southern Hemisphere, some 
of them approach nc‘ai*er to the Arctic and Antarctic Circles than is the case with 
any other i*ays. The flesh of all of tliem is eatable, that of many species being 
commonly sold as an article of food. The common skate (Raia bafis), which is 
ordinarily of from 2 to 4 feet in length, is greyish white in colour, with black 
specks, the whole upper sxirface being mon^ or less granulated. Buckland records 
an unusually large specimen which weighed 90 lbs. The thornback takes its name 
from having the whole of the upper surface studded at intervals with the above- 
mentioned claw-]ik(' spines ; the tail being also armed with longer spines, of which 
a row runs along the middle of the back. The prevailing colour of the upper 
$ 
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surface is brown, witli nuiiH^rous lighter spots, while beneatli it is pure wliite. 
Fossil skat(\s oF tliis genus range thi*ougli the I'ei’tiaries to tlie upper Cretaceous. 
At the present day the Faniil}^ is represented by tliree g*ent*i*a, each with but few 
species, from the warmer s(‘as ; and there are lik(‘wise ceiiain extinct generic tyj^es. 

Tuk Electiuc Rays, — Family Torpkdjsida^. 

In common with th(‘ el(,‘ctric eel, tlu^ members oF tliis Family ar(‘ ehai’acterisi‘d 
by their ])oweJ* oF eommunicating galvanic shocks; the orga-ns fimii which this 



COMM<tN SKATK AM) MAUBI.ED KLECTHR' RAY (x*- liat. si/.e). 


power is derived taking the form of a series of vertically-placed prisms, situated 
on each side oF the front of the disc between the head and the pectoral fins.., In 
addition to this distinctive f(*atur(‘, these I’ays are ehai*acterised by the broad and 
smooth disc, in which th(* rays of the p(;ctoral fins do not extend in advance qi 
the base of tlie muzzle, while the median fins are well developed. The family is 
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r(‘presciite(l by several genera, rangiiio- over tlu‘ Mediten-aneaii, Atlantic, and Indian 
Ocean, into tlie distinctive features ot* wliicli it will be unnec(‘ssary to (‘liter here. 
A. well-known example of the typical genus is tiu* mai’bled el(‘ctiic ray {Torpedo 
j>H(rmor(if(0,J'(‘pres(‘nted in the low(‘r figiii-e of our illustration. 44ie liexagonal 
prisms Jforining tlie eh^ctric organs ar(‘ sub(livid(‘d into a s(‘ri(‘s of cells by a number 
of^ delicate ^ transv'(‘rse partitions; the cells at the two (mds of th(‘ prisms being 
in contact witli the skin, and tlu* whole structurt* lil)(‘j-ally su])pli(‘d witli mnwes. 
Internally (^ach cell is lin(‘d by a nuch‘ate<l sti*uctui’(‘, within which is a mass of jelly- 
like* substance, “The tish,” writes Dr. (hlnther, “gives tin* ele‘ctric shock voluntarily, 
wlu*n it is^('xcite‘d to do so in self-defenea*, or intemds to stun or kill its ])rey; but to 
receive tlu* shock the* object must complete* the galvanic circuit by communicating 
with the* fish at two distinct points, edthe*!* elire'cily, or thremgli the medium of 
some conelucting boely. If an insulat(‘d frog’s leg touches the lish, by the (‘ud of 
the ne*rve‘ only, no muscular contractions (‘iisue* on the discharge* e)f the* batte*ry, 
but a seconel ])e)int e)f ce>nta(*t immeeliate‘ly ])roeluce‘S them. It is saiel that apainfvd 
^se‘nsatioit* may be proeluca*el by a elischai'ge* conve*\'e‘el threnigh the* me*diuni of a 
stre'am of wate;r. The* ele*ctrie curre*nts createel in the‘S(* tishe‘s exei*(*ise* all the oihe*i- 
knowji pre)p(*i-tie*s e)f e*Ie*ctricily : the*y re'iide*!* the ne*e*elle* magne*tic, ele*e*om])ose3 
che*micyLl compounels, anel e*mit the* s])ark.'’ S])e*cime*ns measurijig from 2 to 8 feet 
across the elisc are* state‘el to be* able* to disable* a man bv the* eliscJuirge* of the 
batteay. A write*!* in Jauk! o ud ire/Zc/*, fe)r IS(jt), in re'ply te) Bucklanel, observes 
that “1 have* tak(*n twe) torpe*dos in the* e*siuary e)r the Te*e‘S. You say the* one* yeui 
elissecteaHiad nothing in its steaiiach. 1 was curious enough te) S(‘e* what the)se 1 
(‘-aught We ‘re* li\ing upeai, so I put my knife* into e)n«*, anel te)ok fi*oni him an ee*l 
2 lbs. in weight, and a llound(*r ne*arly I lb. d'he* ne*xi one I ()pe*neel alse), anel was 
astonisbeel to iinel in him a salmon be‘tw‘*e*n 4 anel 5 lbs. we*ight ; anel what I was 
more astonished at was that none* of the* tish hael a bl(*mish of aiiy el(*scription, 
she)wing that yemr ide*a of the* fish killing his pi'e‘y with his e*le(*trical force* is 
ejuite cey’reT-t. ’ 


Tjie Kaole-Hays, — Family MYLioitATlD.K. 

Known also by the* ill-sounding title* of devil-tishe*s, the* e*agle‘-rays ineluele* the* 
larg.(*st repi’e*se*ntatives e)f theii* tribe, anel ai-e ch<iracte*rise*el by the* e*xti*eme wielth 
of the elisc, owing te) the gjvat ele*ve*lopnu*nt of the pectoi-al tins, which ai*e*, howeve*i\ 
intewa-upteel at the siele*s of the* he*ad, to i*e‘a})pear as one* e)r two small cephalic fins 
on the^^ muzzle*. The tail is sle*nder and whip-like, the* cleft of the mouth straight, 
anel the te*eth, when pr(*sent, take the fenan of a soliel pavement, aelapte*el foi* 
crushing the* she*lls of me)lluscs, and oth<‘i* hard substances. Tlie* e*agle-]ays are^ 
inhabitants of tropical anel te*m]H*i‘ate seas; anel the membe*rs of some of the* gemera 
are i*ea nark able for the* eleveleipmeiit of the so-calleel ce*phalic fins into a paii* of 
horn-iike appendages, which are* stated to l)e e*mple^ye*el in capturing the* ])rey anel 
helping to cejiivty it to the mouth. Five ge*nei*a are included in the family, all 
the members e)f which appear to be viviparous. 

The typical genus is ivpresented by a small numbe‘r ol existing 
Typical Genus, European ; one of these, Mifliohat oqu ilo, 
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occasionally visiting tlic British coasts, where it is often termed the whip-ray. 
In tills group the liead is free from the disc, and the hn on the muzzle single. 
'File large, flat, liexagoual teeth form a tesselated jiavement, highly convex in the 
upper, ])ut Hat in tlui lower jaw ; the individual teeth are arranged in seven 
longitu<linal rows, tfiose of tlie unpaire<l nii<ldle row being much elongated and 
transverse, whihi tlie others form less iiTCgular hexagons. The whip-llke tail, in 
addition to a dorsal lin near the root, is g(‘n<*rally armed with a large barbed spine 
about the middle of its length. In the young the middle row of teeth are not 
larger tlian the lateral ones, and their relative width continues to increase 
througlajut life. The sp(‘ci(js above named, which has an almost cosmopolitan 
distribution, may attain to a length of upwards of 15 feet, with a weight of about 
800 lbs. Wlien ca[)turcfl, tliese rays lash out with tlieii* tails, and thus inflict 
sever(‘ wounds with the spine. Fossil species of this genus occur through most of 
tlu^ Tertiary sti'ata ; and among these ont^ from the Eocene of Egypt is remarkable 
for its enormous size, the teiddi of the middle row being rather more than 5 inches 
in widtli. Although it is difficult to form an estimate of the i^xact size of- the fish 
to which tliese teeth belonged, it is thought that tlui width of tlui disc must have 
beem about 15 feet. 

Other Genera allied genus Aefohafis, now represented by a single 

widely-spread tropical species but common in the Tertiary forma- 
tions, the muzzh^ carrii'S two tins, and the dentition comprises only a single .seritss 
of transvej'sely elongaiinl t(‘(‘th, corresponding to th(‘ ci^ntral row of the t3'pical 
genus. In a third genus (Rli Lnoptera), of which there ar(‘ siwen living ami several 
Tertiaiy sjiecies, the so-called tins on the muzzhi ani likewise double, while the 
tess(‘lated t(*(ith form fiv(* or more series. Of these the middle oik* is tlie largest, 
the first, or first and second, lateral series somewhat narrow, and tlie remainder in 
the form of more or less nearly" regular iK'xagons ; the dental plates of both jiiws 
being strongly arched from back to front. The largest existing membei-s of the 
family belong to the genera JJicerohatiH and Crj>hitlopiev(f, which are mainly^ 
confin(‘«l to the trojiical seas, and to wliich the name of devil-fish might well be 
restricted. In tin* former of these the pectoral fins do not extend on to the sides 
of the head, which is truncated in front, and furnished with a pair of •for\^^ardly- 
directed appendages containing fill-ra\^s, the nostrils being widelj^ separated. 
Both jaws contain numerous rows of flat or tuberculated teeth ; and the. whip- 
like tail has a single dorsal fin above and between the pelvic pair, and may be 
armed with a spine. In the second genus, the mouth is terminal, and teeth are 
present onl^^ in the lower Jaw. One of the Indian representatives of the first 
genus is known to measure fully 18 feet across the disc, and a weight of over 
1200 lbs. has been recorded. Sir W. Elliot states that the hom-like appendages 
“are used by the animal to draw its prey into its mouth, which opens like a huge 
cavern between them. The fisheianen [in India] saj’^ they see these creatures 
swimming slowly along with their mouths open, ancl flapping these great sails 
inwards, drawing in the smaller crustaceans on which they feed,” The capture 
of such hideous monsters is a work of no little diffici^lty and danger, as they are 
quite capable of overturning a boat: and the danger is said to be the greatest 
the case of a female accompanied by its single offspring. We must not leave this 
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family without refciTiiig to tho curious! y-ridgod quadrangular teeth from the 
Chalk described undej* tho name of Ptyvliodui^, which appeal- to indicate an extinct 
type of eagle-ray. In tliese teetli the highly-polished ci’own is ornanumted with 
large transverse or radiating i-idges, surrounded by a more finely-marked marginal 
area of vjiri able width. They are ar)-ang(Ml in longitudinal rows ; tlie upper jaw 
liavii|g*the teeth of the middle row" the lai-gest, and tliose of the lateral rows 
gra/lually decreasing in size : wdiil(‘ in the lower jaw" the middle teetli are rather 
sma|l. and the tw"0 adjac<mt rows the largest. 

The Stin(1-Rays, — Family Tjiygokjjj^e, 

• 

Apparently thy most specialistid members of tlie entire group are the sting- 
rays, in which tlu^ p(^ctoral fins are continued uninterruptedly round the extremity 
of the muzz](s so that the w"holt^ of tlie mai-gin of the very wdde disc is f(>i-m(‘d by 
these fins, in the centre of wdiich is the more elevated head and body. The long 
anil sfendi^r tail, which is frecpiently aianed wnth a siuTated spine, is sharply 
<lefined f 1-0114 the, l:>ody ; and tlie ini‘,diaii fins, if present at all, are either imperfectly 
devejoped, or an^ modified into s(u-rati‘d spines. Idle forms with arnual tails, to 
wdaicjii the name-, of sting-ray is alone strictly applicable, infiiet vt*ry sever(‘ w^ounds, 
(^angerous not mendy from the actual h-sion, but apparently also from the pre- 
sence of somt? poisonous substance. In the larger kinds tlu*se formidabh- sjiincs 
may be as much as 8 or 9 inches in length; and, as they wa-ar out, they are from 
time fo time sIuhI and replaced by new ones growling from behind. Vei-y 
numerous in sp(‘cies, and arranged undcu* several genm-a, the sting -rays are 
most abundant in the s(‘as of the tropics, although some range into temperate 
waters. 

, The typical genus includes some twenty-five species, one of which ('Trygon 
jxtHilmdca') ranges from tin; south of England westwards to America and east- 
wanis to Japan, In this group the greatly elongated and tapmlng tail is armed 
wdth a barbed arrow -shapcMl spine, wdiile the skin is either smooth or <lotted o\'er 
with tubercles, tin*, nasal valves unite, to form a qua<lrangular flap, and the tei'th 
. ai'e * flattf^ned. Mainly characteristic of tropical latitudes, tlu^se rays are most 

abundant in the Indian and Atlantic Oct-ans, although some spi-cies are inhabitants 
of fresh- wuiter lakes in Eastern Trojucal America. The rough ray {Vrogymxas 
(tsperrirnuff), of the Red Sea and Indian Ocean, w hich may measure from 4 b; 5 
feet in length from the head to the root of the tail, is tlie sole represtaitative of 
a second genus, characterised by the long tail being ilevoid of either fin or spine, 
although sometimes furnished with a narrow' fold of skin bidow'. The wdiolo 
of the body is thickly covered wdth teeth-like tubercles, the teeth themselves 
being flattened. The third genus ( Uroloph ys ) — in wdiich tht* tail is of medium length, 
furnished with a distinct terminal rayed fin, armed wdth a barlx'd s]nne, and some- 
times with a rudirnental dorsal fin, wdiihi the teeth are flattened — contains several 
mtlier small-sized species from the tropical seas, and likewise an extinct one from 
the Eocene rocks of Italj|. A fourth genus (^Pterojfldteti), of wdiich tlau’e are some 
*Jialf-dozcn representatives from temperate and tropical seas, is characterised by 
the great wddth of the disc, wdiich is at least twice as long as Avide, and also 
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by tlio sliortiKvss of tlie tliin tail, which always bears a si‘rrai('d spine, and laay 
have a rudiineiital fin ; tlie minute teeth bt4ng eithcu* singly or triply cuspidate. 
The oldest representative of* the family seems to be the extinct Vyclohatis from 
the Cretaceous rocks of Pak'stine, in which the disc is (‘ith(‘r circulai: or oval in 
form, the tail veiy short, only slightly pi*ojecting beyond the margin of the disc, 
and devoid of either spine or fin, while tlie u])per surface of the body has one or 
more longitudinal seri(‘s of large spiny tulxn-chis running backwards from, the 
pectoral girdh^, tlu‘ remainder of the bod}'' and disc being more or loss spa.rsely 
covered with minute prickles. 


The Extinct LimE-l^kxxKi) axi> Folo-Finxeb Shakes, — O i'ders Ioutiiyotomi 

and Cl.ATioDoXTlA- 

The whole of th<‘ precluding nuaubei-s of the snbchiss are included in a single 
order, the characters of which have bt^en already d(‘scribed ; but in the Paheozoic 
strata of both Euro])e and tln^ United States thtu*e occur remains of (‘xtinct shaiTvS, 
indicating two perfectly distinct ordinal groups. 

Lobe-Finned The essential charactm’istic of this group, as shown in the r(‘stored 

Group. skeleton tignr(‘d on p. ,‘117, is the IoIhhI structure' of the pectoral fins, 
which consist internally of a long tapering segnamted axis, fi*om which are given 

off a <Ionbl(' serii's of cartilaginous ra 3 "s, 
as shown in the figure, on p. 8P). The 
internal skidi'ton of tlu‘S(‘. sharks shows 
gi'aiiular calcifications in the cartilage; 
Imt the notoel)ord is nt‘V(*r orbut seldom 
constricted into distinct vertebra^, the 
calcification, (‘xce])t in thi' tall, stojiping 
short at an incomj)let(5 stag(\ when the 
body of each segment of the liackbone 
consists of three separate j)ieces, as in 
the (‘xample figured on p. IM2. The 
upper and lower archi's and spines of the* 
backbone are tall and slender; the upper spin<‘s having no intercalary cartilages 
betw<‘t‘n them. As 7’e2)resent(Ml by the genus Ple\i men ulhas, common to the 
l\*rmian and Carboiiihu-ous rocks of l)oth sides of the Atlantic, these sharks are 
further charactiulsed ly the slemh'r and slightly dei)ress(Ml form of the body, tlJe 
tevminal position of the mouth, and the diphycei-cal tail. The long and low 
dorsal liii is continued along the wholes of the back fi*om a short distance behind 
the hearl, and its cartilag('.s are more numeroiLs than the subjacent si)im/s of the 
vertebrje; immediately b(diind the head is a long ]>arbed spine, and the body was 
probably devoid of shagi'Cicn. The t«‘eth, as shown in tlu' annexed illustration, 
are v(u*y peculiar, consisting of two divergent and gi'iierally unequal-sized cones, 
su])porte<l on an expanded base. 

Fold-Finned The oldest and most primitivci repres(‘ntatives of the entire 

Group. subclass art' tlie armoured sharks of the DcA’onian and lower 

(Carboniferous epochs, especially characterised by the simple structure of their fins, 
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whicli, as explained on j:). 819, ai’o of the fold-type, and consist simply of a series of 
parallel cartilaginous rods arising from a broad base. In many, but not all of them, 

* the granules con- 

stituting the sha- ^ 

grecm , of moflern * ‘ ‘ 

•shai’kK coalesced so ‘ 

as% to form large wjy " ■ ■ ■■ ■ ■■- 

shi(;lds prob^cting ^ 
the bgdy ; and 

these .fish \vej*e y4l 

also aniK'd with -/^ '' 

moi’o or less mark^ 

edjy triangular 

sj)iues inserted in r 

the skin by ilum* \| '/ 

ba'ses. In sonu^ , , , _ 

TtESTOHATION OF A FOLD-FIKNED SHARK (r/r?t/fw7(^(7/^') —After Poan. 

* cases t^ie t(K4:.h con- 
sisted! of a singli^ con(‘, with one small basal cusp; but in other forms they seem 
to h^ive coal(\sced into a pavcmient-like structure. No ti\aces of calcification have 
lk‘en detected in tlai notochord. As might ha\'e been (^xpected, these primitive 
sharks werij of comparativtdy small size, averaging from 8 to 4 feet in length. 


RESTORATION OF A FOLD-FINNED SHARK {(lotioscluchf) —After Poan. 


Thk Extinct Spink-Finnkp Sharks, — O rder Acaxtjioph. 

Wher<‘as th(‘ two jirtHJtMling groups contain the most primitive and generalised 
repres(‘ntativT‘S of tlui subclass, the order now to b(‘ considered, which is likewise 
conKned to the Paheozoic epoch, comprises sharks of a more specialised type than 
any existing forms. Indi‘(‘d, these spine-finned sharks bear much the same 
relationshi}) to tlu^ lobe-finned group, as is presented by the bony fishes to the 
fi‘ing(‘-finned ganoids ; and in a strictly natural arrangement these forms should 

stand at the head of th(‘ 
class, although it is 
more convenient to con- 
sidtu' them in this plac(‘. 
OiiL* of the essential 
features of tlu; group 
is to be found in the 
develojiment of mem- 
brane - bones overlying 

RESTORATION OF A Sl’I NK-FINNED SHARK {Ac(n\fllCHics), . . * 

(From A, S. Woodwunl, C<(t. Fttss, Fish. Brit. Mus.) the Original Caitilagiu- 

, ’ ous skull ; the socket 

of the eye being also frecpuaitly surrcnmded with a ring of bones of similar 
origin. In the inbn’iial skeleton the notochord is persistent, and the cartilages are 
superficially calcified, frequently with a granular structure. When teeth are 
present, these are firmly fix(jd upon membrane-bones ovei’lying the cartilages corre- 
sponding to the functional jaws of other sharks. TIk' gill-arches bear a series of 
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appendage's wliich diii'ing life were proLably furnishod with membranous expan- 
sions similar to those of the (existing frilbgilled sliark. In the fins the cartilages 
of the internal skeleton are greatly reduced, and the membranous portions are 
almost d(\stitute of cartilaginous rays; while each of the paired and most of the 
me(lian fins are provided with a large spine on the front edge. The tail is of 
the heterocercal type, and the males lack the claspors characterising the existing 
forms. Externally the body is covered with small and closely-arranged qu^id- 
raiififular granules, between two series of which runs the lateral line. Three 
families constitute the order; the first of these, as represented by the genus 
Acantliodes^ having but a single dorsal fin: while in the other two — respectively 
typified by Ischniumdlms and Diplaamtkm — there arc two of these fins. 


















SOLITARY SAT.PA AND CHAIX-SALPA. 



THE LOWEST YEBTEBRATES AND 

• • 

THEIR ALLIES. 


CHAPTER J. 

The Lamprey Group, — Class Cyclostomata. 

Till recent years both the lampreys and the stj-ant?e little creature known as 

thelg»ncelet were jnjenerally included among the class of fishes, which was also taken 
to comprises a number of armoured extinct forms, of which a brief notice is given 
below. On the other hand, the marine animals commonly ttirincHl sea-scpiirts, but 
technically known as ascitUans, together with certain abei’rant worm-like creatures, 
were oiassed with the great asscml)lage of so-called Invertebrates. Anatomical 
and paheontological investigations have, however, revolutionised our ideas concern- 
ing the’ criiatures in qu<‘stion, with the result that while the lampreys are now 
Sepai’ated from the fishes to foi*m a class by themselves in the vertebrate subking- 
dom^, the lancelet and sea-squirts, together wdth the above-mentioned worm-like 
creatures are now regarded as forming a subkingdom by thtanselves, known as the 
Semiyertobrates, or Protochordata. The reason for the separation of the lampreys 
fi’om the fishes will be gathered when we come to that group ; but we must briefly 
notice in this placii the considerations which have inducc'd naturalists to brigade in 
otio^roup sucli very dissimilar creatures as the lancelet, sea-s(j[uirts, and the afore- 
said worms. 

In the introduction to the V ert(d)rates given in the first volume we have indicated 
the leading structural features of that group — more especially as develoi)ed in its 
higher members ; among these one of the most important being the dorsal position 
of the great nervous system, or spinal marrow, which in the higher forms is under- 
lain by the bodies of the vertebra?. In our description of the fishes we have, how- 
•t3ver, seen that in some of the lower forms the vertebra? are repx'esented only by the 
original cartilaginous i*od known as the notochord, from which they are developed 
by constriction in the higher types. To this wo have to add that in the eailie?: 
stages of their development all vertebrates possess gilJ-slits, wdiich persist in their 
original condition only in the fishes and lampreys. Now the result of anatomical 
investigations has been to show that the lancelet, sea-squirts, and the aforesaid \vprm- 
like creatures agree wdth the Vertebrates in the possession of a dqrsally-situated 
pervous system, of a notochord, anti of gill - slits ; and thereby differ from all 
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other known animals. Consequently we may classify the animal kingdom as 
follows : — 


1. thioRDATK Animals 
1. V 


-T)ivi.sion CIIOHDATA i Neryoue Sj^tem Itorsal: a 


i NotoohonL and OlU-Slits. 

.•rtebrates— Subking.lom Vkutkukata. 
tl) Mammals — Class Mammalia. 

(2) Birds — Class Aves. 

(:}) llci)tile.s — Class Reptilia. 

(4) P’l'ogs and Salamanders — Class AMrnnuA. 

(o) Risings — Class Pl.scE.s. 


((J) Lampreys and Hag-P’ishc.s — Class CYCL()s'ro.M.ATA. 

2. Semivcrtebi’ate.s — Subkingdom I’ROTOcnioKDATA. 

(1) Lancelots — Cltiss LEiToeARDii. ‘ ■ 

(2) S(‘a-Sqnirts — Ckiss Tunicata. 

(d) Worm-Like P’orms — Class ENTEJtoPNEL.STA. 

TI. Non-Cuoudate Animals — Bivi.sion Invertejjrata “<> 

' Notochord or (iill-Slits. 


AVc sliall consider biicfly iJio suj^^estions that have been made concerning the 
relationships between the semichordat(‘S and nonebordates at the close of this 
volume, and therefore procecMl at once to the lampreys, llefore doing so it may, 
however, be as well to mcaition that to rightly understand tlie peculiarities of all 
these matters re<|uir(*s a considerable amount of anatomical knowledge on the part 
of the reader ; and structural features will accordingly be alluded to as simply and 
shortly as possible. 


The Lamphevs and Hag-Fishes, — Subclass Marsipobranchii. 

As a class, the lampreys and their near allies the hag-hshes, with which may 
probably be group(‘d certain armoured extinct forms, are distinguished not onlj^ 
fj’om the fishes, but likewise from all the verbibratcs hitherto desci'ibed, by the 
absence of true jaws, by the single apiirture of the nostrils, as w(‘]l as by the nisp- 
ing tongue ; there being no limbs or ribs, and the notochord either persisting in its 
original form or being merely surrounded by a series of calcified rings. Prob*ibly 
many or all of these characters arc applicable to certain extinct forms now con- 
sidered as more or less nearly allied to the lampreys, and we may accordingly 
provisionally regard these as distinctive of the subclass. On the other hand, we may 
consider the under-mentioned features distinctive of the lampreys as the represen- 
tatives of a subclass (Marsipobranchii), apart from the aforesaid extinct forms. In 
the existing members of the group the skeleton is cartilaginous ; the skull, as in 
the. chimau'oid fisluvs and some of the sharks, i? immovably joined to the vertebral 
column; and the gills are in the form of fixed pouches (hence the name of the sub- 
class), without gill-arches, and either six Or seven in number, with their external 
apertures usually ppening on the sides of the neck. Anterior in position, and 
adapted for suckjng, the mouth is surrounded by a circular or subcircular lip 
supported by cartilages. The naked body is provided with median fins, having 
cartilaginous rays like those of many fishes. Internally, the heart is devoid of 
the anterior expansion known as the bulbus* arteriosus ; the intestinal canal Is 
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straight and .simple \ and the reproductive orjjaiis discliafgo into tljc cavity of the 
I)lace of teeth is taken in some forms ])y liorny structures, while in 
# others tlie mouth is completely unarmed. Some diftenaice of oihnion ('xists among 
naturalists^ as to whether tlui absence of tlie ti*ue jaws in the* lamju'eys is an original 
or an acquir-ed feature; but, to our mind, the appanmt want of these organs in 
^the prknitive extinct lampreys seems to be strongly in favour of the former vle\v. 

Trtae Lampreys. lampreys, of* which the sea -lamprey {PeiroDiyzarti 

'iitari aus)^ river-lamprey (P. J{ni)l<(ftlis), and the small lamprey 
{P.hravrhiajis) occur in Britain, are the typical i*epi*esentativ(‘s of a family 



SEA-LAMriUCY, KIVER-LAMPKKY, AND SMALL LAMPKEV Uat. Size). 


{Peiromyzi(hi.i) characterised by the nasal duct terminating in a closed sac 
behind, without perforating the palate. As in all tlie other members of the group, 
the naked body is eel-like in form ; but the family is peculiar in that its members 
undergo metamorphosis, the young being. devoid of teeth, and furnished with a 
single median fin, Mdiercas in the adult the sucking-mouth is furnished with horny 
teeth rfisting on a soft cushion, and tlie median fin is <livided. In the adult tlie 
tongue is furnished with ra.sping teeth, while above and below the aperture of the 
mouth there are ^ series of upper and lower teetli, and the sucking-disc is likewise 
provided with smaller isolated teeth. Eyes are present in the adult; and the 
aperture of the nostrils^ is situated in the middle of the head. The seven-gill 
pouches open externally by as many apertures on each side of the neck, but com- 
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municato with the pharynx by a common opening to which the ducts of all con- 
verge. The intestine is furnished with a spiral valve, and the eggs are minute. 

The true lampreys are characterised in the adult condition by having two 
dorsal hns, the hindmost of wliicli is continuous with the caudal; and likewise by 
the U|)per series of oral tecith consisting either of a doubly -cusped transverse ridge, 
or of two clos(‘ly-place<l s(‘parate ttH‘ih ; while the tet‘th on the tongue arc serrated. 
The genus appears to be n^presented by four species, which are confined to the 
coasts and fresh waters of the Northern Hemisphere, ranging as far south as West 
Afj'ica. Tlie largest of these is the sea-lamprey, represented in the upper figure of 
our illustration, which may grow to as much as a yard in length, and is common to* 
Europe, North Am<‘rica, and West Africa. On the other hand, the river-lamprey, 
or lam])ern, which at certain seasons ascends the rivei*s of Europe, North America, 
and Japan in innumerable hosts, is somewhat less than two feet in*itmgth, and difiers 
from the last s])(‘cies in being uniformly coloured, instead of mai‘bled with black. 
Still smaller is the small lamprey, also known as the pride or sand-piper, which is 
likewise^ common to Europe* and Western North Ame)*ica, and scarcely reaches one 
foot in length ; its coloration b(‘ing uniform. Tlic young of tliis forin W'as long 
rega.rded as a distinct genus, under the name of Am.moccvfe.'^] but its true liature 
was discovered by watching the transformation into the adult. The laiwa, writes 
Dr. Glintlier, re(iuires three or four years for its full develo])ment. At first the 
head is very small, and the cavity of the mouth surroundi^d by a semicircular 
upper lij), tlie separate lowej* lip ])eing very small. TIku’O ai‘e no tca'th, but seve.Tal 
fringed barbels surround the mouth. Tln^ extixunely small (ycjs ani hidden in a 
shallow grov(^ ; but thi‘r(‘ is a median single nasal opcuiing, and sevaai gill-openings, 
as in the adult. TIk'- vertical fins form a continuous fringe*, in which the, later 
divisions ar(i more or ](‘ss distinctly indicated.'' When o])(*n, the mouth of lampreys' 
is nearly circular in sliape, Imt when closed forms a narrow slit. 

Much has still to be learned regarding the habits of lam2)r(\ys, but it appears 
that all the members of tlui 2)resent genus ascend riv(*rs foi' the 2mriK)se of sjmwn- 
ing, and that some of them pass the whole of their larval conditions in fresh waters. 
1diey are all carnivorous, and in tlui adult state attach thems(dv(*s by tlu‘ir mouths 
to the bodi(*s of fishes, from which they rasp otf the flesh with tlieir horpy tectlr; 
fish being not unfre([uently met with bearing the scars of wounds thus inflicted, 
and a salmon has lu'cn taken high uji in the Rhom*, with a sea-lamprey tightly 
adhering to its side. Bathers have also been known to be attac-kiid by the same 
si)ecics. Commonly keeijing to the bottom, the s(‘a-lamprey may at times be see,i:i 
swimming near the surface witli a ser2)entine movement of the body. In the 
Severn the ca2)ture of this species lasts froTu Fcdjruary to May, while in the Thames 
the season is May and June ; but in the Scottish rivers the lauipnys do not ascend 
till the end of June, remaining till the b(*ginning of August. During the spawn- 
ing-season these fishes excavate furrows in the river-bottoms for the recej)tion of 
their c‘ggs, and are said to remove impeding stom*s l)y lifting them up with their 
sucking-mouths. Being much exhausted by the function of S2)awning, at its con- 
clusion they make their way with all speed to tlu^ s(‘a. The river-lamprey was 
at one time thought to l)C a permanent inhabitant of fresh Waters, but it has been- 
taken in the sea, and it has even been considered that it may undergo its meta- 
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morpho8is in salt water. Always rcvstrictod to low-lying countries, this lamprey 
may be found alike in rivers, streams, lakes, and marsh(\s, although it only spawns 
^ivhcro the wat(U‘ is clear and flows swiftly over a stony bed. During the spawning- 
season, which takes place in March and April, the lampreys accpiire a brilliant 
metallic lustre; while at the conclusion of the function they generally perish. 
Formeily these lampreys occuiTe<l in enoiinous cpiantities in many of the Phiglish 
riv.ers, tipwards of thrt‘e thousand having been taken at Xcwark in a single night; 
but the numbers in tlie Thames are now consid(‘rably diminisluid. Their chief use 
isjxs bait for cod an<l other fish; for which they are spc*cially adapted on account 
of the- ease with which they can be kept alive. Tlier(i is nothing calling for special 
notice with regard to tlui habits of tli(‘. small lamprey. 

Southern In tlie Southern 11 (Unisphere the? family is ]*epresented by three 

Lampreys, gcnela, in om^ of which there is a sijiglc species {MonUicia onordax) 
coiihnon to the cimsts of Chili and Tasmania; while in a s(‘Cond {Geoiria) there is 
one Chilian and another South Australian specicis. The first of these two genera 
agreef^*\vith the typical re[)resentatives of the family in the continuity between 







554 


LOWEST VERTEBRATES. 


aperture beiii^’ situated above the mouth at the extremity of the liead, which is 
furuished with four pairs of barbels. The moutli is devoid of lips, the palate 
is provided witli a single median tooth, and tliere are two comb-like series oi 
rasping teeth on the tongue. Tlie gill-apertures, or aperture, an^ situated at a con- 
siderable distance from the liead ; and each gill-pouch lias a separate diict opening 
into the (psophagus. The sides of the abdomen carry a row of mucous ‘sacs, and 
there is no spiral valve to the inte.stine. The large eggs are inv(^sted in it liorny 
(*nv(4ope, furnished with threa<ls for adhesion, fn tlui true hag-tishes, of wliich 
the common sp(*cies gh(flnofia) is found on th(^ coasts of ^ Europe * and 

North Amei’ica, tluu*e is but a single gill-opening on each side of the abdoniefi, 
leading hy means of six ducts to as many gill-pouches. Another spt'cies has been 
recorded from the (‘xtnmiity of South America; and the range of the genus also 
includes Japan. In tln^ second gtaius (A\/r//n.v/o»n/.), of which ihT‘re are two species 
from the coasts of the South Pacilie, tluTt; are six or n)or(‘ gill-opi^nings on each 
side, each communicating by a separabi duct with a gill-chamb(‘r. All these 

creatur(‘s are marine, and are fre(]Uentl5^ found* deeply 
buried in tlie bodicss of fishes, more especially members, 
of th(‘ cod family, into which they bore for the ]^urpose 
of feeding on the llesh. Tliey are totally blind,' and 
s(‘cretc' vast (]uantiti(‘s of slime, which seriously inter- 
feres with fishing in loca]iti(‘s whej*e these creature's 
abound. T\fet with in tlie fjords of Norway at a dtqith 
of about 70 fathoms, hag-fishes have liecoi drialgc'^l fnan 
depths of nearly 850 fathoms. 

Primeval The Old Ked Sandstone of CMitJnn^ss 

Lampreys. yielded the skeletons of a small limb-* 

less creature {PaJivosgoifdgl hs), which there is littli*. 
doubt must be r<‘garded as oiui of tlu‘ foriiiiinners of 
tlu‘ modern lamjuvys. M(‘asuring only about a couph^. 
of inch(‘S in length, th(‘se skeletons sliow a wt‘11-calcified 
skull, while tlu‘ notochord is surroumhvl by a series of 
calcifi(‘d rings, and the tail has a largi‘ fin, of which *^tht* 
supports on the upper side ari‘ foi*k(‘d like those of 
lampreys. Th<‘ fi-ont of the head has a circular o})ening 
SLIGHTLY EXLAuoFn HKsTGUATioN surrouiidcd witli H- riug ol buitaclcs (//c, /c), probably 

OF THE SKELETON OF THE coiTespoiuling to tho iiosc'. of a modern lam])rey ; tlu^ 
I'KIMeval lami'REV. — After . *, i 

Traquair. opening ol the nos(i itselt (h) appeai-s to be single; and 

there are a pair of plates (.r) beliind the head, not 
improlmbly representing gill - plates. It may Ini confidently assumed tliat this - 
little creature is but one among a series of lost types. 




CHAPTER IL 

The Akmouked Primeval Vertebrates, — Subclass Ostracophort. 


A GROlfP of j‘(‘iniirkable armoured ibrins from tlie Pal<eozoic rocks formt‘rly 
placed the fishes, an^ now re^ard(Ml as probably constituting^ a subclass of 

the class typically represented by the lampreys, although it must be confessed 
that we have at present no evi<lenct‘ of the links which, on tliis view, must be 
sup)JOsed to have connected the two groups. Strange in foian, and uttt'rly unlike 
an;^' lining animals, these prim(‘val armoured vertc^brates art^ characterised by tin* 
great development of the t‘xternal skeleton, the head and foi'c-part of the body, 
iKiing proti'cteil by large boiui-like j)lates. Thei-e are no hai’d structuri‘s to the 
mouth, and there are, at most, but rudimeiital indications of arches for th(‘ suj^port 
of limbs, wliilc the notochord is persistent. They may be divided into three chief 
gfoups: and on(» of tlui most curious features connecttMl with the first of tlu‘S(^ is 
the apparent structural identity of one layer of its shield with a layer found in 
the inv4‘stm(int ot* tlu^ living king-crabs. 

The simplest of thest* armoui‘(.‘d forms is typified l)y the genus 
Flrntsjtis of the Ihivonian rocks, a partial r(‘storation of which is 
given in the annexed ligu]‘(‘. In these ci-eatures the head and fore-])art of the 
body are prob^ctcMl both above and beneath by shitdds; whik^ the tail, in some 
cases at least, is scaled. The structure of the shiedd is curious, each jdate consist- 
ing of an out(u* and inner hard layer, between which is a thick stratum of 
polygonal chand)c*rs, piaforated by delicate tunnels of the sensoiy canal-system 
of the skin; all the 
Ifiyeivs lacking the ele- 
ments of true bojie, and 
the outer surface ]>eing 
mai'ked with fine con- 
centric striae The eyes 
are lateral and widely 
8eparat(‘d, and towards the hinder end of the hack shield (which is provided with 
a spine) there is an aperture on each side for the (‘scape of water from a gill- 
cavity. Although nothing is known as to the form and structure of the nose 
and mouth, the nostrils must evidcaitly have been placed near the. namth on the 
umfer surface of the head. A pit between the lyes probably marks the site 
of a rudimeiital median eye ; and the structure of the under surface of the shield 
indicates the presence of separated gill-pouches, which were probably supported 
liy arches. From an examination of the whole structure of the nmiains, Mr. A. S. 
Woodward is of opinion that the shield probably covered “ a truly fish -like head ; 



PAllTfAL IIESTORATION OF P(rra^pis. 

(From A. S. Woochvanl, Oti. /W. Fish, llrit. Mas.) 
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and if it was not for the invariable absence of limbs and jaws, and the forward 
position of the breatlun^ apparatus in Fterasjyis and its allies, these animals might 
bo placed, without hesitation, in the class of fishes. The possibility that limbs and 
jaws were present, but not calcified enough to be preserved, must, liowever, be 
])orne in mind; while the negative evidence on this subject, and the want of 
information as to the nature of the tail, are factors necessitating cautiOn in the 
determinntion of affinities.’’ 








liESTOUATiON OF CephrtUispis. (From Woodward, CaL Foss, Fish. Brit, ^fus,) 


The next family of the group is typified by the genus Ccphalasjyiti, 
in which the front shield ajjpears to be confined to the head and^gill- 
region, and consists of a single piece, roumled or pointed in front, 'abruptly 
truncatc'd b(‘hind, and with the rounded margin Ixuit inwards below to form an 
ornamented flattened rim. Of the triple-layereil shield, the inner layer is bony, 
the thick middle one solid, although traversed by a network of blood-vessels, while 
the uppei* one is tuliercuiated and resembles teeth in structure. The eyes are placed 
close togiither in the middle of the shield, the nostrils must have had much the 
same position as in Ficraspi^, and at the back of the shield there occurs vn each 
side a small llaj) which must be rc'gardcd as a gill-cover. Immediately behind the 

shield conimeutaes the 

^ ^ the 'body, without any 

support of liml)s. 

liESTOUATiON OF Cepholdspis. (From Woodward, Cat. Foss. Fish. Bril. Mus.) ^ dired lius appear, 

ind(‘ed, to be totally 

abs(‘nt, although a dorsal and a caudal fin, stiffened by little elongate<l scales in 
place of rays, are pn^seiit. The large, d(iep, quadrangular scales coviu’ing the l)ody 
form a series of interlocking rings, doubtless corn ‘spending in the living states to 
the underlying muscle-plates of the body. 

I^he third modification of the group, as represented by the 
DevoTuan FicrirliiJf i^s^ agrees in the geiuu'al structure of the shield 
with certain members of the last section in which therci is no dividing lino betwecTi 
the h(‘ad-shi(‘ld and tht‘. united scales of the body. The head is, however, sharply 
(hifiniul from the body ; and the armour, instead of l)eing simple, consists of a 
number of overlapping plates arranged symim^trically to one another. An 
important point of distinction from 
all the preceding foi’ins is to be 
found in the prestmcc of a pair of 

hollow limb-like pectoral append- 

ages, jointed near flu* middle. A 

small movable plate Ixdween the 

eyes seems to have lodge<l a median ^ 

eye: another njoVable ]')late on the restouation of ptekiciithys. (From Traquair.) 

cheek appears to represent the gill- 

cover; and a pair of looser jaw-plates on the lower surface of the front of the Head, 
in some forms at least, are finely toothed on the hinder border ; but nothing 
definite is known with regard to the nature of the nose, mouth, and jaws. 


Pterichthys. 




RESTORATION OF PTERICHTHYS. (From Traquair.) 
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The arrangement of the median fins is generally similar to that obtaining in 
the second family. With regard to the true nature of the pectoral appendages. 
Mr. Woodward writes that they are commonly considered “ as homologous with 
the paired ^^ectoral fins of lislies, and certainly in their mode of fixation to the 
trunk th{?re is much to favour that su 2 )position ; but the discoveiy of an allied 
©rgaiiisSn in the Devonian of S])itzb(‘i*gcn suggests the wisdom of suspending 
judgment. The dorsal body-shield of the latter is simpler than that of 
Pterj^chthi/s, Init the arrangement of the plates on the ventral aspect is identical, 
and *the]>3 ai;e also hollow pectoral appendages. Thesis appendages, however, are 
merely simple triangular sj)ines, firmly fixed by suture to proc(jss(is of the, body- 
armour; and if tluy are an inferior or special condition of the ordinarily movable 
arms, it seems nojj unlikely that those arms will prove to be different in origin 
from the paired limbs of fishes.’' 



CHAPTER III 


The Lancelets, — Subkingdom PBOTOCHORDATA. 
Class Leptocardii. 



‘ L — - =. -."-j 

COMMON LANCBLET, SINGLY, ANT) IN A CHAIN ( liat. sizc). 


With the curious st‘iniiransparcnt little creatures known as Lancelots, forming 
the only I'ainily (Bra nchio^tonutf and ^enus of the class to which they belong*, 
we l(‘ave the Vi^rtebrates and conu' to the lower ^roup of Protochordates ; all of 
whicli retain the three essiaitial vt‘rtebrat<* features mentioned on p. 549. First 
<lescribed by the (h'rman naturalist Pallas in 1778, from a sp(;cimen captured on 
the Cornish coast, tlie coniinon lancidet (Bratirhiof^fowa htvrrolafnm) was referred 
to tliab n'fuo-(* for the destitute, tlu‘ Molhisca, wh(‘re it remained till 1884, when it 
was rediscovered by Costa, on the Ne.apolitan coast, who «;ave the name of 
Branch.imfowa, and placed it among the fislxes, in the neighbourhood of the 
lampreys and liags. It was again discovered by Yarrell in 188(),'who assigned the 
title of AriKphicKVii^, and was the first to recognise the (‘xisttmee of a cartilaginous 
vertebral column, or notochord. Tlie upper figure of our illustration shows the 
pointed extremities of the Ijody, and also a number of chevron-shaped lines, witli 
their anghbs directed forwai’ds, these being the partitions dividing the longitudinal 
mass of muscle clothing each side of the body into a series of segments. And it is 
due to this segmented stmeture that the laneelet is enabled to swim so speedily as 
it <loes, its progiHbss being eflrecte<l by seq.)(‘ntine movements of the body. ^ Paired 
fins are wanting ; but the back is provided with a continuous dorsal fin, expanded 
posteriorly into a caudal fin, and continued forwards to join the ring of feelers, or 
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tentaclen, growing* from tlic uiargiii of tlio liood-like t‘X})HiKsioii of wkiii wliicli 
surrounds the mouth. notocliord extends to tlie antei*ior and post<n*ior 

extremities of the bofly, reacJiing* b(‘yoiid the muscle-plates, and likewise in advance 
of the frorit extremity of the overl^dng nerve-chord ; the latter f(*aturo being 
peculiar to the lancelet. An ap(ii*tur*e distant about two-tliirds of tlie whole lengtli 
from^the head, and opening in the middle line of the lower surfaces of tlie body, is 
the^outh‘t of a large*- cavity, or atrial chamber, surrounding most of the int(‘rnal 
organs, and especially the large jdiarynx ; and tlie vent, as in many tadpoles, is 
sitj-iated high up on the left side, near the hinder end of tlu; body. The reproduC' 
tive orgijns. Which form oval structures lying below the muscle-plates, (litter from 
those of th(i Vertebrates in that tliey consist of a l.‘irge numb(‘r of p(‘rfectly distinct 
chambers, cor ivspon ding to the musch‘-s(‘gments of the region of thi* Ixxly along 
which they extend^ In connection with the fins, it should be obseiwed that, except 
at ils two (‘xtr(‘mities, thi^ doi-sal fin is sup])orted by a s(u*i(*s of gelatimms rays, c‘ach 
lying in a chambt*!* of its ovi'ii ; while the ventral Y)ortion of the caudal tin has a paired 
serk^s (^f similar sujiports. In young and transparent exam])lt‘s, tin* pharynx, or that 
portion of the alimentary tract immediaUdy behind th(^ nanith, is distinctly visible 
tlirough th(^ walls of the liody, and can be s(*(‘n to be pca'forati'd on each side*, by a A*ery 
large ijmimbiT of vertical gill-slits, opening into tlui ati’ial chamber. In the living 
creature an almost continuous cuiTont of watei'is drawn, for tlui pui’iiose of breath- 
ing and feeding, tlu'crngh tie* nujuth into the pharynx, whence it est^apes by means of 
the gill-slits into the ati*ial chamber, from which it is discliarged through thii p<jre. 
Unlike Tiven the low(*st Vt‘rt(*brat(‘s, lancelc*ts hav(* no cartilaginous skull ; tin* only 
solid structure in tin* head taking the form of a ring of cartilagi* in tin* hood suri'ound- 
ing th« mouth, which giv<‘S oh* a series of proci‘ss('s for tin* suppoi t of the feelers. 
Although ])aiivd ey(‘s, as W(‘ll as organs of lieai’ing, aie totally wanting in th(\S(' 
strange little* cr(‘atui*es, a pigm(‘nt-spot at tlu* front ('iid oi the n(*rv(*-tub(* repri.*s(‘nts 
a median eye* ; behind which is a small nasal pit, communicating in the* larva by 
meam^of a small ])ore' Avith the* front of the nerve-tube^. With ]’e‘gard to the other 
soft-])arts, it will suffice*- to m(‘ntion that the anterie)i* extremity of the n(*rv(*-tube 
is not expand(*d to foi*m a true brain ; and that the* heairt is represente‘d nu‘n*ly by 
a f^erfes oii jadsating dilatations of the* great blood-vesse*! ; the Idoexl itse‘lf being 
devoid of colour. 

. Lfincel(*ts are represented by some* eight or nine spe*cie*s, all of which ]nay be 
incluele^d in a single* gemus; although one from the* Bahamas is peculiar em aceemnt 
ofi^he unsymmetrical arj*angeinent of its reproductive organs. Essentially littoral 
forins, inhabiting* shallow water, esp(‘C-ially where the be^ttom is sandy, these 
creatures have an almost universal distribution on the* temperate and tro[)ical 
coasts, although they are ofteai curiously Icxjal. The Eui'opeau form has b(ie*n 
recorded from Scandinavia, Hedigoland, the English Channe*], France*, the*- ]\Ie*di- 
teiTanean, anel Chesapeake Bay, growing te) an nnusnal size in Fre‘nch waters. 
Other species eiccur on tlie Atlantic aiul Pacific shores e)f Ne)rth anel South 
Amepca, as well as on the coasts ejf Australia, Japan, Ceylon, and the Fiji Islands. 
Mr. A. Wille*y remarks that the laucele*t “possesses an extra(u*dinaiy capacity for 
hijfrowing in the sand of the seashore or st‘a-lx)ttom. If an inelividiial be dropped 
from the hanel on to a mounel of wet sand, which has just been dredged out of the 



560 


SEMIVERTEBRA TES. 


water, it will burrow its way to the lowest depths of the sand-hillock in jbhe 
twinklinjj of an (*ye. Its usual moiliis vivendi is to bury the whole of its body in 
the sand, heaving only the mouth with the expanded buccal cirri [tentacles] pro- 
truding. When obtained in this position in a glass jar, a constant intiowing current 
of water, in which food -particles are involved, can be observed in the neighbour- 
liood of the upstanding moutlis. The food consists almost entirely of microscopic 
plants (diatoms, desmids, etc.) and vegetable debris . . . Occasionally it emerges 
from its favourite position in the sand, and after swimming about for some time it 
will sink to the bottom* and there recline for a longer or shorter period upefn its 
side on tlie surface of the sand. When resting on the sand, it is unabli^ to maintain 
its equilibrium in the same position as an ordinary lish would do, but invariably 
topples over on its side, — indifferently, the right or left ; ” this inability to maintain 
its balance being due to the absence of certain structures of the internal ear, to 
which this function is assigned in fishes. According to jinotlier observer, lancelets 
occasionally attach themselves to another by their moutlis in a chain-like manner, 
as represented in our illustration. That lancelets indicate an extremely ^'archaic 
type, and also that they are more nearly allied to the Vertebi*atest- than to the 
Invertebrates, may be considered certain ; although tlicre is still a difterejice of 
opinion whether they sliould be looked upon as simple or degraded forms. 0 



CHAPTER IV. 


The Sp:a-Squirts or Ascibians, — Class Tunicata. 




Externally, scarcely any creatures are more unlike the lancelet than tliose 
fixed marine animals commonly known as sea-squirts, and technically as ascidians, 
,or tunicates. Nevertheless, in the opinion of those best qualified to judge, th(^ 
relationship is.probahly closin' than that existing between the forimu* animal and 
larva of a lamprey, in spite of the mucli greater external resemblance betwc'cn 
tho two latter. It is, however, when wo dissect a sea-squirt that we meet with 
structui'cs 3‘ecalling certain features in the anatomy of the lanc(‘let ; while to find 
evidence of the ehordato affinities of th(^ former, we have to go back to its huwal 
condition. In the adult condition, writes Mr. Willey, most of the sea-s(|uirts “are 
sedentary animals, remaining fixed for ilu*ir lifetime on one spot, wlu‘ther attached 
to, rocks, stones, shells, or seaweiHls, from which they aiHi incapable ot moving. 
'There however, several V(n*y extraordinary genej*a of asci<lians, which swim or^ 
float about perpetually in the open ocean, and have becona^, adapted in the extremest 
.VOL. v.i-^36 
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uianiuu' to a jnirely pelaj^ic environniciit.” As there are botli simple and compound 
fixed asci<lians, so then* are two similar types amon^ the pelagic forms; but some 
of the latt(*r arc* comj)lica-ted by an alternation of g(‘nerations, tlie one i;eneration 
beiiio* a sim])lc‘ form, wliereas in the other ^-eneratioii the units are a,^<^r(‘oated into 
chains, as shown in our Idate of the e]vatun‘s known as sa]pa\ Amono\ the 
compound fixc*d typt‘S tlie colonies, as they are termed, consist of a nuhiVyr of 
individuals i)roduc(*d ))y budding from a single^ parent-stock; such colonies fn*(itiently 
attaining vc‘iy lavg(* dim(‘nsions, ami being remarkable for tht*ir brilliant coloration, 
although in other cases th(‘y merely form tliin incrustations on tluj sui'face of various 
marine obji*ets. Other forms, on the contraiy, are merely connectc‘d at their bases* 
by a coinniou cr*eej)ing root-like base, from which new buds a]‘e from time to time 
given off, the individuals being oth(*rwis(* fi*ec‘d 



A LEATHEJiY SliA-SC^UIUT, WJTll ONE SIDE OF THE OUTEIl TUNIC llEMOVED (liat. 

Structure Of Ext(*rnally a simple sea-sejuirt, like* the one {A. rnicmcomivs^Yii- 

Ascidians, presented in the first illustration, has been aptly compared to a leathc‘r 
bottle with two sjiouts; thc\s(‘ spouts forming funnel-shaped proj(‘ctions, one of 
which gc'nerally situated at a liigher level than the other — takes in water, which Is* 
discharged irom the second. The Avhole organism is invested in an external tunic, 
Vcii^/ing much in structure, but being frecjuently w^arty, and generally opac^ue, 
altliough in the salpjc it is transparent. A remarkable feature connected wdth 
tliis outei tunic is that it contains a substance — celluloses — identical in .composition 
with tliat forming the cell-walls of plant-tissues. On cutting through the outc^r 
tunic, wo. come, as in our second illusti*ation, to an undtsrlying muscular tunic, 
forming the true body-wall, and consisting extcirnally of an epidermis underlain 
by interlacing muscular fibres. In the illustration, a indicates tlie inhalent, and 
h the exluilent orifice of this inner tunic. On cutting into the inner tunic, we* find 
a larp so-called atrial cavity, enclosing to a great extent the viscera, and coin- 
municating with the exterior by means of the exhalent orifice. The inhalei^t 
oiifice, or mouth, communicates, on the other hand, directly wdth the exceedjngly 

^ ^ Strictly speaking, the term “individual ** includes all the units produced by budding from a conimou stock, 

but it is more convenient to use it in the ordinary sense. 
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large pharynx or branchial cluimber, which extends nearlj^ to tlie liinder end of 
the body, and is perforatcMl by a vast iiunibor of gill-opfuiings, tlirougli whicli the 
water taken in at the luouth passes into the atrial cliainber. Instead of passing 
directly into th(i latter chamber witli the water, th(^ food is caught up in a mass of 
slime, ^aijd carritid round the base uf the inouth-tiibe until it rt.‘aches the entrance 
to tjuj fcsophagus, which lii‘s near the hinder end of the dorsal su^rface of the 
biianchial chamber. HoTice it passes into the stomach, and along the intestine, 
which lorms a U-shap(‘d curve turned away froiii the dorsal aspect; the vent 
0 {)ening 0 Ti the same asp(‘ct into the atrial cavity below th(^ exhalent orifice. With 
regard Jbo the'nervous and circulatory system, it will suffice to say that there is a 
large nerve-ganglion embedded in th(‘ tissue of the inner tunic, and lying on tlui 
dorsal surface of the body between tlie iuhalent and exhalent orifices; and true 
blood-vessels are wanting, the blood merely flowing through a series of spaces in 
the muscles and otluu* tissues of the body and between the viscera, and tlie heart 
forming a dilated tube. Unlike the higher Cliordates, all the ascidians are 
hermaphrodite; th(‘ i*(*productive oi'gans frecpiently lying within the loop of the 
intestnn^, ai:id discharging into tlie atrial cavity alongside of the V(*nt. A remark- 
able pliysiological hvature of the gi'oup is to be found in the 2)oriodical rc^vcrsal 
of l4i(i action of the heart; tlui blood being drivcai for a certain time ill one 
/lirection, after which tlie heart makes a short jiause, and then propels it in an 
opposite ‘ coui-se. 

In addition to certain other structural features, into th(‘ conside'ration of which 
it wo*uld be impossible to entf'r in a work of the jireseut nature, the essential 
resemblance Ixdween the adult soa-scpiirts and the laiicelets is to be found in the 
posS?.>ssioii by both of a pharynx perforated by a large number of gill-openings, 
which convert it into a branchial chamber, ojiening into an atrial cavity instcjad of 
directly to the exterior. Sevei’al of tlu^ differences between the two, sucli as the 
iK^rmajibrodite re])ruduction and the bent intestine of the sea-squirts, are probably 
duo. to their s(‘ssile habits, since sucli features arc characteristic of most fixed 
organisms. Other points of differenc(^ are to be found in the absence of segmentation, 
and the want of a dorsal nerve-tube and notochord in the adult ascidian, altboimlK 
as \vc shall sec, a remnant of the latter exists in the tail diirinff the larval condition. 

„ , ^ All ascidians, -whether fixed or fi-oe in the adult condition, <jo 

through a free-swimming huwal stage, during a part of which they 
develop a tail containing a notochortl and nerve-tub_Q; and as this feature is all 
•imj)ortant from a moi‘phological j)oiiit of view, it must ho mentioned here, althougli 
iiecessarily in U very bried* manner. Generally the larval condition lasts but a 
short tiiiKv; and this may be the reason for the de\X‘lo2)ment of the tail, as a 
powerful swimming organ would seem to be essential in order to enable the 
creature to reach a spot suitable for its permanent existence. During its devclop- 
ijient*a groove makes its appearance on one surfact‘ of the ascidian embryo, the 
large cells on the side of which gj*ow inwards so as to enclose a tube, corresponding 
to the nerve-tube of Vertebrates, beneath which is the notochord. When of au 
oval shape, and while still contained in its investing membrane, the embryo assumes 
a ventral curvature, and at the same time produces a long tapering tail, wliich 
eventually becomes coiled round it. In addition to certain other structures, this 
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out|:;TC)\vin^ tail incliules the nerve-tube and tlie notochord; and in some forms 
contains the only niuscl(\s developed at all. Siibs(HpientIy a rndiinentary brain, 
corresponding^ to a simple structni'e in the lancelct, makes its appi^arance ; and ' 
likewise an UTipaired eye, agreeing precisely in structure and mode qf develop- 
ment Avith the rudinumtal median eye ot* the tuatera. After certain other 
chang(‘s, among which the development of a stomach and intestine are included, 
the larva is ]’(‘ady to burst from its membranes, which it does by spasmodic 
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jerkings of the tail; and it thereupon starts on a free-switnming existence. 
Before long the cellular stracturo of the notochord in the tail logins to disappear 
by the formation of vacuities ; and eventually the whole structurci becomes filled 
with gelatinpus matter. After a briid free existence it fixes itself by its muzzle to 
some submai-ine object, with the tail stretched out and generally motionless. In 
a short time this appendage commences to shorten, and finally disappears, by .being 
drawn up into the body of the developing sea-squirt and absorbed. A further 
pi'ocess of development results in the production of the perfect sea-squii"t ; but it 
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would bo quite foreign to the scope of tliis work to enter into the details of the 
nietaniorphosis ; and we may conclude this portion of our subject by stating* that 
ascidians are probably the degenerate descendants of permanently free-swimming 
forms provided with a complete notochord and nerve-tu])e ; both of which structures 
are no.w.in most cases only temporarily retained in the tails of the larvcO. 

ffypical According to the classification adoptcnl by Professor Herdman, 

; Ascidians. the tunicates may be divide<l into three orders, the first of which is 
known as the Ascidiacea. This group includ(‘S both fixed and pelagic, simple and 
o^mipoiijid types, nom^ of which are provided in the adult state with a tail and 
retain bo trace of a notochord ; the free-swimming fonns constituting colonies, and 
Uie simple t\qi(‘S Ixung generally fixed. The out(‘r tunic is permanent and well 
d(welop(5d, geiK'rally incr<^.asing with the ag(i of the individual ; and the muscular 
structure of the fnntir tunic takes the form of an irregular mitwork, and never of 
hoop-like batids. Tin*, walls of tlu^> large branchial chamber are perforated by 
numerous slits, opening into a single atrial cavity, which in turn communicfites 
u^th tlu*. exterior by means of the exhalent aperture of the tunic; the vent opening 
into the atrial cavity. Many of the forms r(q)roduc(‘ tlu'ii* kind by budding, and in 
most the sexually produced embryo dtwelops into a taile<l larva. The order is 
divifled into three subordinal groups, of which tlui first — Ascidim Simpliccs — 
jncludt‘S fix(Ml (rand}" unattached, but never free-swimming) and generally solitary 
forms, which V(‘ry raindy r(‘produce by" budding. When colonies occur, each of 
their individual nuanbers lias a distinct outer tunic of its own, the wdiole society" 
never being bun‘t‘d in a common investing mass. Four families are contained in 
this sub(n*der, each r(*pjvsented by a large number of genera. Omitting mention 
of die first family, we may take as an cxamjde of the second {C fj ntJdkha) the 
genus of which specimens are shown in the figures on pp. 561, 562. 

A« a family, these s<‘a-s(juiits are charaebudsed by lieing usually attacluid, and 
sometimes stalked, although I’arely free. The outer tunic is giuierally membranous 
or leatheu-y, but occasionally" cai’tilaginous or covered with sand; while the inhalent 
a]ierture is usually, and the exhalent aperture invariably, provid(*d with four lobes, 
UKsding tog(‘th(‘r at tin*, centre. The branchial chambiu' is longitudinally folded, 
with it^ gill-slits sti'aight; and the tentacles may" be either single or compound. 
In the figured geaius the body is attached and sessile, and the tunic, which is not 
•incrusted with a continuous coat of sand, is thin, leathery, and tough ; both its 
apei-tui’es having four lobes, and the baita-cles being compound. As an examj^h^ of 
•the family A.sv'/d/n/ce we may take the well-known Thalltfsla ondinniillala, from 
th(* s(‘as of North -Wi‘st(;rn Europe^ and the Mediterranean, which is shown in the 
accompanying illustration, and is the sole re})resentative of its genus. In the 
family- to which it bidongs, tin* body’’ is attacluMl and usually sessile, although 
rai'ely stalked; th0, inhalent a|)ei‘ture generally" has (dglit, and the exhalent six 
Ipbes*; and, as a rule, the outer tunic is (‘itlu‘i’ gelatinous or cartilaginous, although 
it may be horny. The branchial chamber is devoid of folds, with the gill-slits 
citlua* straight or curved; an<l the tentacles are sijuple and thread-like. In the 
figur^l genus the l)ody is erect and attaclunl, and the outer tunic of a cartilaginous 
nature; its sui’face bidng mamniillated in a very characteristic nirlnner. It may 
be mentioned here that all the simple sea-squirts of this group, when touched, emit 
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a jet of wutei*; and tluit some of tlieiii, like tlie one dnured on p. 5()], are used as 
artid<‘S of foo<l. To ilie snnio Eh(dl mitt also belouj^^s the extensive 

genus A^^rtiHa, in which the oiit«M* tunic is soft and flexible, instead of being 
cartilaginous. A totally distinct subfamily is, however, indicated by the remark- 
able de(^j>-s('a g(‘nus Hypohytldm, of wliich th(^ two known species were obtained 
at d(‘.pths varying fi-oui six liundred to two thousand nine hundred fathoms, 
during the voyage of iha Cludlenyrr. Here we find the cup-shaped or pear-like 
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body attached by a longer or sliorter stem ; while the apeitures are circular and 
not cIoschI by lo])es. The out(*r tunic is cartilaginous, but soft and thin, although 
thickened in places to form plates. The intc^rnal longitudinal bars usually foufid 
in the branchial chamber* are wanting in this genus ; the gill-slits are .small an^i 
irregularly placed ; and the viscera form a compact irregular mass on the dorsal 
side of this chamber. In the species hei*c figuivd (H. cali/code»), which is^from 
the North Pacific, the stem is of great length, and the outer tunic thickened so* 
as to form a number of nodules or plates ; but in the South Atlantic form (H, 
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'inoseleyi) the stem is much slioi-ter, and tli(‘ro is only a single plate, vsituatecl on 
the dorsal sid(‘. Of very large dimensions, tliese deep>sea ascidians are di'cidedly 
the most beautiful mimibers of the class, and present some res(anblance to tbe 
glass-spong(‘s. A totally different type of structur(‘ is present(‘d by the last family 
{ClCLviiitiiuht) of th(^ suborder, in which tlu‘. body of each individual is attached 
by posterior end, an^l usually by means of a stalk, to a crec'ping l^asal stolon, 
olr common mass, from which young individuals are produced by budding. The 
oui^er tunic, wliich is usually thin ami transpanuit, is in most cases gelatinous, 
.iflfliougli occasionally cartilaginous; and its circular apeitujvs ai*e but s(‘ldoni 
distinctly lobTMl. lA^lds arc* wanting in tJic brancliial chatnber, but longitudinal 
bars may be presemt, althougli tlu‘se lack ilie p)apilhe found in the ])rec(‘diiig 
family; and tlu^ gill-slits arc*, straight, ^fhe tc‘ntacl(‘S roscanhle those of the last 
family in their simple*, tbread-like form ; hut the digestive tract is usually 
extenclc‘,d behind the branchial chambeu* to form an ahdomcui. Li aclditicm to 
the prclinary sc^xual rc?pro(luction, colonic's may bc^. formed by budding from the 
common stolon. Ten genc*]'a are included in tl)e family, from among wliicb tljc 
typical Chirrltna is sc‘lectc'd for illustration. Hero tbe body is elongated and 
club-sbapcicl, but with no peduncle be3^ond tlie abdomen, and is attached to a 
delif!ate, bran(*hc,‘cl, crc'eping stolon, from whicli arise 
• tlu^ buds, dlie thin ()ut<*r tunic is gelatinous or 
cartilaginous, with its circular apertures devc^id of 
lob(‘S. The innc‘r tunic is likewise tlnii, with its 
muscles mainly" longitudinal ; and the intestinal tract 
is extemlc'd to foiaii a wc'll-markecl abclomcm. lu its 
resCrictecl scmsc*, the genus includes onl^' half a clozen 
small species from Nortli- Western Europe* and the* 

]\foditerranc*aTi ; the* one* heiH* figure ‘d leiHulifonut^) 
being cixaracterisc'd b}*^ tlic* ^’ellcjw or brown lines on 
the? region known as tlie Uica*ax. 

''riic*. second suhoi'der of the typical sea-scpiirts — 

. . • I 1 !• f 1 • 1 A CREKPiNc; ASciDiAN, Clavrliua 

^^Ascidue Oompositai — includes fixed forms wtiich repro- 
I duct* buds so as to constitute*, cedonies in whicli the 

j individuals are burie*el in a cennmon investing mass, and thus possess no se*parate 
tunics. The group includes seven families; and Profe^ssor Herdman remarks that 
; as many of these^. have; originated independently from simple forms, the whole 
‘assemblage is to a certain extent an artificial one. In the first family {Bolryllidcr) 
the colonies, a*s shown in the* illustration on p. 508, usually form thin incrusta- 
tions on seaweeels or stones, although tliej^ occcasionally take the shape of thick 
fleshy anasses ; the indivieluals being arranged so as to form either circles or ellipse's, 
in branching lines. The eonnnon apertures of elischarge are distinct, aiie] usually 
furnisheel with lobes ; the inelividiial units are short, anel sliow no division of 
tlie body into regions; and the out(;r tunic, whicli is usually soft, is traverseel 
hy numerous vessels with large terminal knobs. Internal longitudinal bars are 
, pres(?nt in the large and w^ell -developed branchial cliamber, in which the gill-slits 
► are numerous ; and the simple tentacles do not exc(;ed sixteen in number. Budding* 
may^ take place either from the sides of the units constituting the colony or from 
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the vesselvs in the tunic. Ainono; the five genera constituting the family, tl>e 
typical Botrifllati (figured on }). 572) has the colony thin and incrusting, with the 

individuals arranged in a circular manner, whereas in 
liotri/lloidcf^ they form (dlipses or branching lines. ]n the 
figurcM.1 species of the latter (B. alhiain,!), fi^om North- 
Western Europe and the*. M(‘diterranean, thi' colcivy is 
pure white in colour, but in some it is purple witli y(‘lloW 
or gi*een markings, and in others ycdlowish grtM^n. As 
an example of forms in which th<^ colony is thick and 
massiv'(', we may cite the genus Pol fjojclas . ' Passing oviu* 
the second family of the subord(‘r, w(* conu^ to the third 
{Pohjcl i)fi(la')y in which the colony is usually massive, 
being sometimes incrusting, but in other cases lolxid, or 
even stalked. Tlu^ arrangcunent of the individuals is 
™ ■* highly variable ; aiid tlu*. common aj)ertures of discharge 

ST usually inconspicuous. Although of an elongated 

- fl'*' individuals usually diih'r from those of the 

y family last noticed by Ixang divided into three r(*gions; 
H^|r / th(i inhalent aptuduni having six or (‘ight lobes, whili^; the 

exhalent is frecjuently pro\'i(U‘(l with a tongue-lik(‘ process. 
Th(‘. g(‘latinous or cartilaginous outer tunic is frecpiently 
stillened by endx‘dde<l grains of sand; and tht^ branchial 
chambei* is usually small and ]) 0 ()rly di^vdoped, with 
minute gill-slits and no internal longitudinal bars. The 
AN iN('itiisTLN(; AscimAN tciitacles are small a, nd not nunuM’ous ; the digestive tract 
uiiKi) (uat. si/a ). is extended posteriorly to a eonsidc'rable distance beyond 

the extremity of the branchial chamlxM* ; and budding takes 
])lac(‘. feom tlie (‘ud of th(i postabdominal ng’ion. Idle family is rejiresiaited by Avell 
nigh a score of gema’a, among which luay lx‘- seh^eted as an exampk^, 

on account of its numerous species. Hert* the c<dony is massivi*, Ixang sometimes 




(f 



X coarouNi) ascidtan (Amarurhon) in winter 
0)NJJITI()N (iiiit. size). 


the outer ring indicated by 5 assume a 
but gi\'e I’ise to frivsh buds iii the sprin 


lob(*d or stalk(‘(l; the mode of ar]*ang(‘- 
imait is usually compound and irreguhu*; 
and tlu* individuals an^ elongated, wi/h 
six lob(‘s to tlu^ inhalent orifice, and the 
postal idoininal region elongated. The 
species h(‘re iiguiuMl (yl. is from' 

North -W(‘stt Til Europe*, arid is character- 
ised by its gj'eyish yellow colour, and 
the abundance^ of sand in the tunic; but 
other kinds mav be black, oranges, or 
rosy red, or white. In our figure, a shows 
fully active individuals; while those in 
kind of toi’j)id condition thiring the winter. 


Omitting mention of the remaining familh's of the group jnsi considered, we 
come to the third and last suborder of the typical ascidians, namely, the plios- 
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phorescent ascidians, — A. Lucian. Theso aro i‘(‘preseiitod solel}^ by the goims 
7^/msY>77ia, which is tliiis the only member of the PyrimnnatUUv. '.Fhese 

ascidians are free-swimming pelagic forms, reproducing by buds in such a manner 
as to form colonies in tlie shape of a sac; such colonies sometim(‘s attaining huge 
Mimensions. In tlie sack thus formed the constituent individuals are embedded in 
tsuch.iJ manner that all their inhaleiit apertures open oti its outer surface, while 
thuir t^xhalent orifices are situated witljin the C 3 dinder; tlui mouth of thii sac 
forrning tlie common discharging apeiture. TJie apertui-es of tlie units are not 
h)i)ed ; tyid the outer tunic is gelatinous an<l transparent, containing no hard 
spicules^ but j^’ovided with numerous minute cells. TIk'. branchial chamber is 
w-t‘ll-dev(doped, and the tentacles are sim|)le. The first foui* individuals of the 
colony grow in the form <jf Imds from a rudimentary sexually-<leveloped larva; 
the subse(j[uent iffcrt‘ase taking place by budding from a ventral posterior stolon. 
The genus is njprestaib'd <mly by four species, in oru' of which {P. Hrguvs) the 
individuals form regular ol)li([ue rows in the walls of the sac, while in the other 
three tfiey ar(‘ arranged in*egularl 3 \ Tlie largest of all is P. spi i)osu7))y from tlie 
Atlantic, in*w hi ch the total length of the colony inaj^ be upwards of four feet: this 
species b(‘ing distinguished b^^ the surface', of the sac being providiid only with 
shortf sliarp spines, instead of with large processes ol* tlu' tunic. It is to th(‘se 
ascidians that tlu^ most beautiful phosphorescence of tropical seas is due, each colonj% 
whcui stimulat(‘(l by a touch or shake of th(' water, giving foi'th a brilliant ball of 
bluish light, which lasts foj* sevei’al seconds, as the organism floats along beneath 
the surface, and then suddenl^^ disapj'iears. A colon}" is figured on j). 57G. 

Describing the luminosity j)roduced l\y these ascidians, Beiim'tt states that on 
one fjccasion in the Australian seas, when he reaclu'd the deck, he obsei*ved a“ broad 
and extensive slc'ct of phos])hort‘Scencc‘, exbaiding in a direction from east to west, 
asrfar as the* ej’^e could reach. The lumiuosit^Mvas confined to the range of animals 
in this shoal, for there was no similar light in aii}^ otlua* dirf'ction. 1 immediatel}'^ 
cast* tin*. towing-iKit o\ (‘i* the stei*n of the ship, as wtj apj)roach(Ml neai*er the 
luminous streak, to ascertain the cause of this (‘xtraordinary and so limitt‘d 
phenomenon. The ship soon cleaved thixmgh the, brilliant mass, from which, 
by the tlisturbanc(?, strong Hashes of light W(‘re (*mitted ; and the shoal, judging 
from the tinu' the v(\ssel took in passing tln-ough tlie mass, may luiA'e beiai a mile 
•in brea<ltli. Th(‘ ])assage of th('. \ ess(‘l through tlaan incj*(;ased the light ai'ound to 
a far strongiu- degree, illuminating tla' ship. On taking in the towing-net, it was 
found half tilled witli P///’o.s'oan^ which shone with a pal(‘, greenish light; and 
there wen^ alsd a few shell-tish in th«‘ net at the same time. After the mass had 
l)e(5u passed through, the light was still seen asteiai, until it becanu' invisible', in the 
distancfi'.’" Frc'cpientl}^ tlu^ phosphorescence is intermittent, periods of luminosity 
alternating with intervals of darkiu'ss. Moseley writes that during the voyage 
al‘ the ChallriKjor, “a giant /\yro.so/arr was caught by us in the dc‘(‘p-sea trawl. 
It was like a great sac, with its walls of Jelly about an inch in thickness. It was 
4*feet in length, and 10 inches in diameter. When a Pyro^own is stimulated by 
haviiig its surface touched, the pbosphoi-escent light breaks out at lii-st at the 
point stimulated, and then s])i’eads over the surface of the colony as the stimulus 
is transmitted to the surrounding animals. I wrote my name with my finger on 
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the surface of the j^iant Pi/ro.^onHi, as it lay on deck in a tub at niglit, and my 
name canj (5 (uit in a few seconds in hdters of firi*.” 

Non-Luminous Witli tlie ('Xce])tion of the family just mentioned, and also of a* 
Pelagic Ascidians.^^.(.()j^j which constitutes th(i third ordm*, tlie present or<linal 
^rou])“-t(‘rmtMl the Thaliacuai — inclndi's tin* whole of the free-swimmiiijc^ pelagic* 
re])resentatives of the class. Eitlua* simple or compound in structure, these 
ascidians lack both a tail and a notochord in the adult, but have a pe'rsistjmt 
outer tunic, which ina^" l)e either feebly or fully developed. In the inner tunic 
the muscl(‘s are arranged in the form of more or less neaily complete circukir 
Ijands, tlu* contraction of which forn»s the motive agency of the rreaturcs. The 
branchial chamber has eitlu‘r two large 02>enings, or a number of smalhu* gill-slits, 
l(\‘nling to a single ati-ial cavity; th(‘ latter communicating with the exterior by 
th(i exhalent aperture, and the vent opening within it. In all the members of the 
group an altei'uation of generations takes j)l^ce ; and this may be further com- 
plicated by the individuals of a single generation being unlik(‘ one another. 
During one pei-iod of existence tenn)orary colonit^s may bci fo)*med, but thes^e neVer 
increase by the budding of the constituent units, which eventually separate from 
one anoth(U’ and disperse. . 


'i 



AX IN'DIMIJUAL UF A (JHAIN-SALT’A. 

a, iiilialcut, and h, exhalent, orillce : (/, gill ; r, r, viscera ; /, eye(^) ; (j, pedicle ot union (nat. size). 


The well-known salpte form a suborder — Hemimyaria — characterised by the 
formation of tiunporary colonies in the sexual generation, and rej)]\\sent a family- 
distinguishc'd by the muscular bands of the inm*r tunic being incomplete 
on the low^er surface of the body. Pelagic in habit, and transparent in structure, 
salpm have been not inaptly compared to a barrel wdth both ends knocked out; 
and really consist of little more than a Imge pharynx, swimming through the 
water, and taking in largo mouthfuls of the same at each contraction of its 
muscles. Through the liollow, to l)elow the *hin<ler aperture, runs oblicpiely a 
rod-like gill (d) from above the mouth, although this is too narrow to interfere 
with the free flow of the water ; wdiile th() lower surface of the interior of the 
creature is furnished wdth a ciliated slime-secreting band, corresponding to the 
structure known in other ascidians and the. lancelet as the endostyle. It may hero 
be well to mention that in the lancelet the strnctiire in question is an elongated 
gland sitiiated at the base of the pharynx, and against wliich the ends of the 


SEA-SQUIRTS. 


571 


gill-bars abut. Tla* only part of the salpa tliat is not ti-ansparent is the thick 
mass of viscera (c, r') at th(^ hiiidt*]* end of tlu^ body; vvliile the nmsciilar bands, 
•by tile contraction of which the wattu* is di-iven through the bai-rel, may lie 
conijiared to the hoojis of the latter. Externally the whole animal is invested 
•with, a thick, tough, transparent tunic: and in some forms tlnu'c^ a.r(‘ two tail-like 
.appejHages to the himha* taid oF tlie body. 8uch is tlie structure of a salpa; but 
there are two gcuierations in the lift*, of thc‘S(‘ creatures, naiiudy, tlii‘ simple form, 
and the cliain-like or aggregab^ Form ; th(‘ first being sliown in the upper, and the 
sgc 5 nd in the lower figure oF the Plate facing p. oOl. Tt will b(' observed that 
in the ghain ttie indivi<hia1s are attached to one anotlua* by their up])er and lower 
surfaces, ami thus haA*(‘ tlu'se two apertu}'<‘s free; and wlaai takiai from the water 
the whol(‘ chain, which is several in length, can be easily resolved into its 
component Tin its/ Thr syiecimeii repivsented in the annexed figure is one of these 
<lefached units from a chain, tlu‘ piojtction niarkt‘d ry bting for th(j jairpose of 
attachment to th(‘ neighbouring individual. Although extnanely interesting and 
"Tr^rioils* the wliole, history oF the development oF salpa' is so complicated tliat it is 
. almost im];^)ssibl(i to (explain it fully in a popular work. Tt may be stated, 
however, that the solitary saipa is born fi'om an t^gg cai*rii‘<l within the body of 
one i#nifc oF the aggr(‘gate form, the embryo being nourished by means of a placenta 
from the blood of tln^ ])ar(‘nt. On the othei* hand, the chain-sa 1 pte are produccHl 
asexually by budding from a stolon within tlu*. body oF tlu^ solitary form. In the 
chain-saJpa the (‘ggs arise, howev(‘r, at an exceedingly early period of its develop- 
ment, Vi th th(' curious residt that three giaierations are ])i-('S(int at one time in a 
single, individual. ''Iduis a solitary salpa has within it the buds of an aggregate 
salpji, the units of which may (‘ach contain eggs which will ultimately develop 
into the next solitary form. And, as a matb r oF fact, in a solitary salpa tlie 
getm-cells oF tlu*. embryo of the next solitary Form arc actually visible before the 
development of the stolon Avhich is to give rise, to the cliain-foi*ni. As the stolon 
foriiis in the body of thti latter, it includes Avithiii it the mass of germinal cells; 
and while the former elongates to form the chain of units, tlu' mass of germ-cells 
lik(^wise lengthens, with the result that a singh* egg-cell is shut off in each unit 
. of* the oliain. Simple salpm vary in size from a (piartei* of an inch to upwards of 
eight inches; and in some parts of thii ocean-surface are met with in incalculable 
swarms. Although more abundant in tropical than in tht' cooler seas, th(‘ir 
northward rang(‘ (‘xbmds beyond ^Scotland and IS’orway, whih* to the south they 
have been taken below the latitude of Cape lioi’n and th(‘ most southex’n point of 
Australia. Dr. Jh'ooks writes that “ they are abundant only after the water has 
been for 891110 time undisturbed by Avinds; and as prolonged calms are most 
freqiKuij: in warm seas, those waters ai*e most faA^ourable. for the de\x*lopment of 
these animals, Avhich multiply Avith most astonishing rapidity. The smaller species 
are often so abundant that for hundreds of miles any bucki^tful of Avater dipped up 
at random, will be found to contain hundi'ctls of them. In such places collecting 
with the surface-net becomes impracticable, for almost as soon as the' net is dropped 
into the water, it becomes choked with a mass so dense that nothing can enter it.’’ 
^llie food of these creatures consists of minute marine organisms, both animal and 
vegetable. In swimming, chain-sal pse progress by an undulating, snake-like move- 
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ment. Usuuliy, the family is divi(l(‘d into the two genera l^alpa and Cyclosalpa, the 
latter being distinguished by having the digestive tract coiled up; but some writers 
have divided the first of these two into sevei’al subgtmmic groups. A second family 
is represented by tluj very imperfectly known genus OcUic nmi us, dredged at depths 
of between one and two thousand fathoms in the South Pacific; the body being 
much flattened, and probably attached by one extremity. Nothing is knovn as 
to the life-history of this singular form. 

Th(^ sc‘cond subordtir — Cyclomyaria — of the fi*ee-8winiMiing non-luminous as- 
cidians takes its name from tlie muscular bands of the inner tunic forming peA'ect 
rings, and is typically repi'esented by the g(mus iJol iolum. Tlu> life-history is 
complicated by polymorphism ; tlui tailed larva developing into a sexless form, 
the buds from which give rise to nutritive units, fostering units, and reproductive 
units. In tlie typical genus all the muscles form encircling hoccps, and the three 
forms of the S(‘xual generation occur together on one stolon, or outgrowth ; but in 
Anchinid there are only two comph‘te muscular rings, and the three forms of the 
S(\xual generation are ju-oduced successively. 

Tlu‘. free-swimming form known as Appendiciilarid is the type 
of the third and last order — Larvactai — of the class, all the members 
of wliich are characteiised by the poss(‘Ssion in tlu^ adult state of large tab -like 
appendages, furnished with a sk(detal axis. Tlu^se creatures, wliich are of minute 
size, have not undergone the degeneration so notic(‘abl(‘, in tlu^ adult of tlu^ other 
tunicat(\s, and thus cori*espond much more closely to th(‘ larval stag(‘ of the latt(U’. 
A curious feature is the rapid production of a temporary outer tunic, which may 
be shed at any time, and r(‘j)laced hy a second one. Th(‘r(*. is ]io separate atrial 
cavity; and tlu* branchial chamlxT is simply an elongated phaiynx, with two 
opcmings on tla^ 1ow(T surface, wdiich correspond to thi' gill-slits, and are well 
furnished with cilia. Tin* nervous system consists of a huge ganglion plac(‘d in 
the anterior part of thi^. dorsal surface, followed by a long chord, jirovided 
with smaller ganglia, and extending backwards over the intestine to iH.‘ach the 
tail, wluu'e it runs along the hd't si<h‘ of the sk(‘l(dal axis. intestiiuj itself is 

situat(*(l behiml th(^ bi*anchial cliamber, and tlu^ viait optais on tlu 
ventral asp<*ct of the body in advances of the gill-slits, 
morphosis, nor albaaiation of generations takes place ; and the reproductive organs 
are situab'd at the hinder (aid of the body. The gj*oup comprises only tluj singla 
family A ppeudivalu riidiv, which contains live gen(;ra, the names and characters 
of which it will be unneccssai’v to mention. 


nuerior or 
Neithei* budding, met4- 



Jiotri/llva (iiat. size ainl eiilarg<'<l). 



CHAPTER V. 


The Woum-Ltke PiioT()t;Hoi;i>ATK,s, — (‘lass Enteropneusta. 


tlio Pi-oto- 



• The last, and at the saino time ilie lowivst, <iT(nii) 

Balanoglossus. . . • r 7 

chordatos is typically r(‘preseiit(*d ])y tlui marine JJalaiioglosf^its. 

Liviiif^^ buried iii>lflie sand or mud ot' tlH‘ st^asliore, these worm-like creatures exhale 
a peculiar odour j-esemblin^ that oi* the 
chemical substanc<* baiiuMl iodoform, and 
secrete a copious supply of slime, to which 
■ adh(?re^pa»ticl(‘S ol* sand, thus toi’min^* 
a protectivi' tubii For their bodi(‘S. At the 
frontf exti*(*inity of the creature, W!‘it(‘s 
Mr. Will(.‘y, “ ther(‘ is a lonj^ and (‘xtreanely 
sensitive jirolioscis, which is capable of 
^TcRit contraction and extension, and is in 
the livin^^ animal of a brilliant y(‘llow 
or oran^*e colour. lk*hind th(‘ })r()boscis 
.follows a well-niark(‘d c(.)llar-n‘^’iori, con- 
sisting- extiTiially of a collar-like (‘xpansioii 
ofihe inte^-ument, Avith fre(‘ anterior and 
posti'rior margins overlappin<»' the base 
of the proboscis in front and tlie anterior 
portion of tlu‘ 11 -slits behind. (The gill- 
slits are s(*(‘n in our illustration below the 
‘ collar.) • Jn the ventral middle line, at the 
bajfe of the proboscis, and concealed by the collar, is situated the mouth, 
following behind the collar is the region of the trunk or body propt'r, which, 
.in the adult of some species, reachi's a relatively enormous length, even extending 
to 2 or 3 feet. The ectodermal coveT’ing of iho body consists in general of ciliated 
ctJ^ls, among which are scattered unicellular mucous glands : the cilia, liowever, 
app*car to be more prominent on the proboscis than (dsewhen‘. In the region 
of the -trunk, which immediately follows upon the collar- region, there arc a great 
nu]nber of paired openings on the dorsal side of the body phicing the antei’ior 
portion of the digestive tract in communication with the outer world. These ai'e 
the gill-slits, and they are arranged strictly in consecutive pairs to the number 
ot upwards of fifty in the adult. In their structure, and mor(' (‘specially in the 
^ possession of tongue-bars, they bi^ar a rtnnarkabh* resemblance to the gill-slits of 
/•the lancelet. This is particularly striking in young individuals. As the adult 
fottn Jis approached in the development, the bulk of the gill-slits sinks below the 
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surface, only opening at tiu* latter by small slit-like pores, and thus their true 
character isohvscurcd in siijKjriieial view/’ On dissection, a rod-like structure, Avliicli 
arises as an outgrowth of tlie alimentary canal above t}K^ nioxith, is seen projecting 
into the interior of tlu^ proboscis; and tins rod has beiai identified with tla^ 
vertebrate notochord. Above this ro<l, and extending farther back, is a dorsal 
, norvarCho3*d, coiTesj)onding to the v(‘rtebi-at(‘. nei’V(‘-tub(% and having, as in the 
latter, a central canal, at least dui*ing the (‘arlier stage's of growth. Some distantce 
behind tlu' notochord this mu’vt'-tube gives off a tlescending branclu conia'cting 
it with a similar chord lying on the ventral aspect of the animal. 

We thus hav(^ evidt*nce of tin; exisbaice in this sti'ange worm-Kl\(‘ creature of 
tlu'ce essentially vert(d)rat(‘ characti'iistics, namely, gill-slits, a notochord, andia 
iKirve-tube ; ana it is not a little remarkable that whih'. in the sea-squirts the 
notochord is found in tlui transitory tail, m Jiaht iHxjlossuf^ it r>L situated in the 
anterior extremity, where it extends some distanc(^ in advance of the mouth. 
Quite recently it has be(m shown that th<^ tornaria-larva of oiu^ species of Bain no- 
(flosmis also possesses an ('iitostyh' (see p. 570), com])arable to that of the lancc'fet 
and sea-squirts. That the cre^d/ure undei* considc'ration is closely al,Ve<l to the * 
other Protochordiites, and thus to the \\‘rt(‘l)rates, may be considcr('d fairly ci'rtain ; 
but there arc also indications of affinity Avith Monchordates. In the first place, 
Avhile certain species of BalanofjJos.^ns ])ass tlnough thci earlier stages of their 
(existence Avithoiit undergoing a, metamorphosis, in other kinds such a transforiiia- 
tion takes places ; the young making its first ap])earance in tlui world in the form 
of what is known as a tojaiaria-larva, or otu', closely iH'sembling that of a starfish. 
And it is held by compeb'ut natui'alists that this rc'scjinblancti must be indicative 
of some kind of genetic relationshi]) betwi'en Ionian oghhsms on the one hand, and 
starfish and s('a-urchins on the other. In the second ])lac(% then' are not wanting 
indications of affinity Avith the so-calle<] Ncmiei-timi worms, described in the next 
Axduine ; these resemblances presenting themselves in the structure of the outer 
layer of the skin, the presence of a proboscis (kept retractcal in the Ncmertines), 
as well as in regard to the nerAous system, the rc'productive organs, and the 
alimentary canal. 

The two other forms included among tlie Protochordutes are 
Otber Forms. ” 

respectively kiiOAvn as Cnp/talod and Rhabdopleara, and boar 

the same relation to the last as is presente<l by th(i compound ascidians to the 

lancelet. Both these curious creatures are fixed forms, living in societies, i-epro- 

ducirig their kind by means of buds, and having a U-shaped, instead of a straight, 

intestine. Botli are likeAvise deep-water creatures, tlie formex' having be^n 

dredged in the Straits of Magellan at a depth of two Inindred an<l forty-five 

fathoms, Avhile the latter has been taken off the Shotlands in ninety, and off the 

Lofoten Islands in two hundred fathoms. Extrenudy minute in size, CrphalfxUsciis 

lives in colonies, the imliAuduals Avandering about the tubes of a common 'house, 

the walls of Avhich arc composed of a gelatinous material, covered AAdtli spiny 

projections, and perforated by numerous apertures for the free circulation of water. 

The mouth is overhung by a large shield-like plate, surmounted by the row of 

pluine-like tentacles ; while on the side of the body is a pedicle from which grow. 

the buds; locomotion being probaldy effected by means of this pedicle and the 
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iuo,ath-plato. The latter contains a short notochordal )-od ; and tliere is a single 
pair o£ gill-slits opening IVoiii the pharynx, \vat<‘r l)(‘ing passed iiito tins from the 
ftioutlx by th(‘ action of tlie t(‘utacl(‘s. In tlie allic^d g(‘nus lHathdojileinu the 
individuals which go to form a colony are oonn<*cted with oii<' anotlier by ni(‘ans 
ftf a ooininon stem, r(*presenting tli(‘ remnants of tin'll* original contraetili' stalks; 
this st^jii gi’adiially drying up with tin' growth of the colony in the ri'gion most 
r(‘iii<jt(‘ from the living pol^’ps. Each polyp has Init a siiigb* plunu'-like tc'iitacle ; 
and th(‘, dmds arising fi*om the soft ])art of tin* common stem mwt'r Ih'COJik' 
<leta!^hed.^ While the nervous s 3 ^st(‘m ami notochord are (\ss('ntially tlu' same as in 
gill-slits are wanting. 

Ancestry of Hefori' making a f(‘w brief remarks on this inhnvsting but 

Cliordates. perplexing subject, it may be mentioiu'd that whih* w<‘ have' no 

satisfactory cluc'^\f^ to th(‘ first origin of the notochord, it has l)e(‘u suggest(‘d that 
the original function of gill-slits was to carry oft* flu* supcalluoiis waten* (*ntering/ 
tlie nujuth with th(‘food; tln^ eonm*ction with rc'spiration being a lat(‘r additicjii' 
urthesi‘’*.structur(‘s. Jt is also an importatit factor in tli<‘ consid(‘i*ati(m of this 
sul)ject tojyar in mind tliat th(' whole of th(' (‘xisling Protochord a tes art' to a 
grtaitiU'-*?:)!* less (wttmt dt'gt'mn-att' tyjX'S, althougli thty tloubtless rt'tain some original 
and Sl^n 2 )h' primitive' features. For the ])roud position of tlu' original anc(*stral 
stock, from which liavt' spiaing both Protochord ates and Vi'rtt'bi*at('s, tlu'rt' are 
maity claimants: among tht‘s<* bt'ing st'gnu'nted worms or annelids, creatures allit'd 
to tlu' existing king-crab, and star-fishes (ind st'a-urchins. With rt'gard to the 
annelid tht'ory, IVlr. Willing vt'iy signiticaiitly rt'iiuii’ks tliat in tliis east' the docti'ine 
of ])arall('lism in d(‘^ elopmt'iit has not Ix't'ii sufficiently takt'u into account; and 
tliat the mort' eomplett' tlit' supt'rficial resemhlanct' bt'lwt't'ii an Annelid and a 
Vt'i'tebrate, in th(‘ same measure is the parallt'lism iii their devt'lojimeiital history 
the#more striking, and tht'ir genetic affinity the morti rt'inott'. Neitht'r is it likely 
that th(' king-crab lint' of dt'sct'iit (in sjiitt' of tlie appart'iit idtmtity in the structure 
of oiu^ layer of its shell with that of the Oi'phalaspidians) will luild good. Th(' 
evidence in favour of an alliance' between Vertt‘brat<\s an<l Ee1nnod<.rms (se'a-urchins 
and star-fishes), through the inh'rveaition of HaUt sec'ins, howe'ver, to be 
■steadily ^gaining ground. Mr. Willey, for instance, re'inarks that while it is 
probable that the' pi*oxiinate ancestor of tlie A^orte'brates was a froc'-swimming 
creature', intermediate' in structure betwee'ii an ascidiau larva and tlui laiice'let, th<5 
ultimate or primordial ancestor may be assumeel to liave bee'ii a Avorm-likei animal, 
witli an organisation approximate'ly on a level with that of the' liilaterally sym- 
mejjirical progenitors of the Eehinode'rms. Mr. (Jarstaug also, having jiroved that 
the larvm ol^the whole of thei hitte'r gremj) can hei elerivesl freau a single eeimmoii 
'type, and likewise'', having shown that the tornaria-larva of B(d (( can be 
referred to the same iiioelitication, expressed an opinion that the Vc'rtehrates also 
trace' their origin to the same* froe'-swimming pelagic form, Pi'rliaps still more 
probability may attach to a later theory of the' same observe'!*, wlio now comes to 
thei conclusion that Kchiue^u-ms, Elite ropnousta, and Chorda te's ai*o all elivergeiit 
brandies from a common unknown ancestor; such ancestor being a bilaterally 
Vyiumc‘ti*ical creature with the geni'ral appearance' of a certain tyjio {Auricvlavia) 
of Echinoelerm larva. From the hypothetical common steick the Echinoderms 
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appear to luiv(‘. bee.n derived by a series of changes mainly correlated with the 
aHSum])tion of their eliaractei*istic radial syiiiinetry : wbili' tlio Chordates retained 
the ori^iiiHl bilateral syimiKitry, at the same timi^ under^^oing cc^i'tain changes, into 
the consideration of wliich it will bo unnecessary to enter in this place. Still nionj 
C()inplicat(‘d are the clian^j^es nec(\ssary to evolve Bain and its al]i(\s from 
t]i(‘ a,nci‘stral form. Such of our readers as are desirous of pursuin^j^ further this 
iuter(\stin^ su])ject, may biJ referred to tlio works of the observei* last mentioned. 



A PYHOSOM A-e( )L< ».\ Y. 

Ill life tile colony assumes a horizontal i^osition. 



INDEX 


VOL. V. 


jtblcpharus^ 168. 
AbramASy 463. 

Acan thncl inidm , 3 9 .0. 
Acantkodiu tts, 395. 
Acauthidii, 534. 
Acanthodactj/7 iis, 1 66 . 

A oantbodeSy 548. 
Actnithodtiy 315, 547. 
AcanuSy 340. 

AccHna, 33" 

Acich^lv 86 . 

Acipcii CTy 511. 

A c Ipr'iKsf' r liltr, 5 J 4 . 

Acrlify 279. 

Anrockordus, 108. 
/Ici'odufif 532. 
Acronuridiiiy 362. 
Acronurif^Hy 363. 
Actinislidy 518. 
Admopteryniiy 315, 334. 
Adders, ^6. 

Eaiuled, 221. 

Death, 225. 

Piiti; 285. 
llespleiideiit, 220. 

.. Ki/tfos'/Knidf/li, 506. 
AetohuflSy 541. 

Ago-tnay 120. 

AgaiiMs, 120. 

Armed, 120. 
Rouj'li-Tailed, 122. 
Sj/inose, 121. 
^tij<hnida\ . 

Aglyphcfy 108. 

Ay 07ms, 384. 

A/ouruuSy 465. 

A Jrpocf'phdl Ulx, 491, 

A IcpoccpkalaSy 49 1 . 
Allujatoi'y 18. 

.^iUigatora, 18. 

Double-Tusked,, 20. 
A’digator-Terrapiii, 79. 
AfopeciaSy 626. 

Alytes, 285. 

A t}iarucm7iiy 568. 
A7iihl7jcrphalidfr>y 229. 
AnMycypsidie, 471. 
A^nhlyopsis, 471. 
A'‘^^blyrh7jnckuSy 136. 
Ambly8toi7ia, 299. 
Avieiva, 156. 

Awia, 508. 

^rniidsHy 608. 

^ Avwioco&tesy 562. 

* Amnwdytes, 438. 

VQL. V.— 37 


Amphibians, 257. 

A 7)ijdi khelydloy 98. 
Amphicyon, 198, 202. 

A mph i (jiiath odon t i diVy 286. 
A 7)12 di * 558. 

A )7i27kijm ous, 450. 
Aw27htsbi7i77a, 158. 

A mjdi Lshu')) uhv, 1 56. 
AwphisUe, 406. 

A 77i27i( i uoia-y 305. 

A i})27h i 71 771 i<7 a'y 302. 
yUiahaidida'y 409. 

A)iabaSy 410. 

Aiiabh'pSy 470. 

A 7 ) (ten 77 fh i')7 /, 4 30. 
yliiitcanthuSy 427. 
Anaconda, 189. 

A 7i((7'rh /c/iasy 39 1. 
A7t7’kuiA(ty 572. 

Ancliov}", 491. 

A 7tC(St7'od<>77y 2 1 3. 

^ / •777’lyf7'02)ida'y 171. 

Angel- Fish, 535. 

Anglers, 378. 

A77yuidiVy 145. 

A7i<j7i7ll(7y 446 . 

A7/yiiiSy 147. 

A77oIiSy 130. 

Ano/7mJochil uSy 196. 
Anomodoiits, 254. 
An<rpl(7y7isf7’ry 35.5, 
A7iteiuoa)'iaSj 380. 

A7UhUiSy 339. 

Aphyo7ius, 437. 

Ap Um i ch ih ys, 444. 

Apodity 309. 

Ajjoroscvl iSy 127. 

A ppeyiAiicidai'Ui y 572. 
Ara}>aiina.s, 477. 

A'7'iifSy 454. 

Armed Bull-Head, 384. 
Arthrodiray 315, 330. 
Asekiia, 566. 

Aseidians, 561. 

AsrAdikiff., 565. 

Asp, 236. 

AsjjidileSy 186. 

A sphictThyivciiTAiaiy 50 7, 
Aspidorhy7icJmsy 507. 
Aspius, 464. 

AsprOy 336. 
AstcraeardhtiSy 532. 
AstroD^stheSy 483. 
AthcriiiAty 397, 
Atherinidaiy 397. 


Ada /itosainv/s, 35 . 

A 77//sco2)Sy 406. 

Aulusto777 ay 406. 
AuIost<77naiids’-y 403. 
Australian Lniig-Fish, 326. 
Axolotls, 299. 

BadiSy 352. 

Ba7'7iay 98. 

Baya7'lnSy 454. 

Bny7'uSy 456. 

B(//isfcSy 427. 

BaJ 7'st7<7ii.\ 427. 
Bal(()i,(7(j/ossus, 573. 

Band- Fishes, 391. 

Bapie 777 7fSy 78. 

Barbel, *458. 

JiarbiiSy 458. 

Barracniila Pike, 397. 
Barraciidas, 362, 397. 
Biniamundi, 32t). 
BasilisvLtSy 132. 

Basilisks, 132. 

Bass, 339. 

Bat ay U7'y 75. 

Baihydt'acOy 375. 

Bath 7jtJi7'issi(/f7i, 485. 

Bat )'ach IdiV., 376. 

Bat 7'acho27S7s, 284. 
B((f,7’ach/(s, 377. 

Bat/'arh ?/.s, 302. 
Bdcll{>sto77iay 554. 

Beaked Fish, 474, 

Beaked Gurnards, 385. 
Beaked Tdzards, 252. 
Beaked Salmon, 481. 
BrHiay 72. 

B(do77,ey 400. 

Brto7iO'7'hy7irh as, 5 1 7. 
Berry-Bone Fishes, 330. 
Bo'ijch id sc y 3 5 3) . 
lie7''7jXy 354, 355. 

BHtay 413. 

Bichir, 517. 

Bittorling, 462. 

Bleak, 465. 

Blennies, 391, 393. 
Bl€77,niidtr., 391, 393. 

B 1 7^77 77 il7S, 39 4. 

Blind-Fish, 471. 
Hlind-Soles, 444. 

Blind- Worm, 147. 

Blue Shark, 522, 523. • 

191. 

BoidXy 181. 



578 


INDEX. 


Jioiniv, 18t). 
lioas, 187. 

Do^-IIcvuled, 3 89. 
Kudod, 189. 

Tree, 187. 

True, 3 91. 

Jloh’criay 195. 
Ji*(»nhin(rtor, ‘281. 

Bony 833. 

Hoiiy Pike, .50(1, 507. 
l>o\v-Fin, 508. 
liofr/f/l/rhVt 5(i7. 
/>()tri//loifh\% 508. 
liotnfUnSy 508. 

347. 

Brtfchi/dints, 331. 

Jirach ijloph us, 110. 
Branch iostonuf, 558. 

Jin( n ch i osfatmit ifhr, 558. 
Pn'Jinij 403. 
Brontosaurus, 35. 
Itrookrsla , 17*2. 
Brosniius, 437. 

/irofuta. 437. 

/itt/o, ‘277. 

JJnfonidai, 270. 
lUill-II<‘a.<is, 380, 3>81. 
Bun<](truH, 2‘21. 

Burbot, 435. 
Jiusliina.ster, 213. 

74. 

( 'll i mans, 15. 

(Uiimau, 17. 
f^itabario, ISO. 
t\iIantoi('hth //s, 517. 
(Uliforniaii Toad, 1 1*2. 
('athofur, 75. 

( ' r // / rh th t/s, 4 5 5 . 
(^a/tiouifunts, 491. 

< \(B/orh ifurti us, 33*2. 
t *<tJtopJi,is, ‘220. 

1 *(ft<tfrs, 1 1 9. 

< *(r nfhurns, 317. 

( ^(luhtri /, 218. 
(Utramfidtr, 303. 
(^uruux, 303, 304. 
(btrassius, 458. 
^*(xrcliurius, 522, 523. 

( ^(xrr.hariidtr, 5*2*2. 

< btrcharoiton , 520. 
(Uurtfochrlifidu'., 97. 
Carrftocttrlifs, 97. 

<-'dr2>.s, 150, 

Beaked, 402. 
('rucian, 458. 
(rolden, 458. 

True, 456. 
t^asarra, 193. 
Cat'Fishes, 452. 
EeBLike, 451. 
Kleetrie, 455. 
Mailed, 450. 
Yarrell’s, 454. 
(Udurus, 509. 

("audata, 289. 
C^ivC'Fibli, 437. 

< ^rMrarchidec, 338. 
tkntrarchuSi 338. 
t'^cntriscidm, 403. 
t^rntriscus, 406. 
Ccntrogcnxjs, 338. 


(MufropJtm'us, .534. 

( ^cutrojiristis, 339. 
(U'phalusjHJi, 556. 

< \''phalodlscuSf 574. 

( V’joA uJ irpfe rUy 544. 
(U'polu, 391. 

(^cpolidH'y 391. 

Cerastes, *236. 
(^•raterpetmn, 313, 

< ^erutohat rack idac, 273. 
t ^cratohalrachus, 273. 

( ^endtfdus, 326. 
CrrafxtpkrySy 274. 

(^r rat, ops, 39. 

(*esf ruehui, 530. 

( ^e.sfnu'ioiUidir,, 530. 
(Worlnuits, 527. 
Chirtodon., 343. 
(l(irtotlonlklH\ 343. 
t*hu.leides, 170. 
Chnnuvfeoih, 172. 
('hainudcMuis, 171. 

( ^Itumtrleontidie, 172. 
(Uiaimrsuvrus, 1 11. 
Chunua, 108. 
f^/iaraeluuiiv,, 468. 
(liuruchius, 468. 
C/Htriu,(t, 195. 

( 'liarr, 561. 

(^hauliod.us, 483. 
('l{rf)noii, 313. 
C/u'7(Mt(ua, 93. 

( ^hrlour, 8 ‘ 2 . 

(Itelonia, 42. 
C/ielouidiV, 81. 

(Itelifd ra, 79. 
(lte/jfdrid,T-, 78. 
(lielyidiv, 88 . 

Chrins, 90. 

C/iersf((trus, 199. 

( 7/ ilintact ylus, 351 . 

( 7/ i lose/f/t i inn, 530. 

^ 'in miVru , 331. 
C/tinia'rutii', 331. 

( diimieroids, 315, 331. 

^ Un'off/ossa, 294. 
Okiridiv., 392. 

( 7/ irocent rid:v, 484. 
Chiroce.ntrus, 481. 

Chi rotes, 157. 

(Viirus, 392. 
(Tiisel-daw, 480. 
(t/ulra, 100 . 
Chtaniydosa urns, 1 23. 

( ^hIain}fdoseJac,he, 532. 

< *holo<fasier, 47*2. 
t^omlropujthon, 18G. 

< 7/ ond roste, i, 510. 
t^hondrostcus, 516. 

^ ^hondrostovuiy 462. 

( IxorUlaetylus, 351. 
CJiorinrmus, 350. . 
Chrojtwlkla\ 418, 422. 
C/iromis, 423. 
Chrysejjiys, 73. 
Chrysichthys, 455. 

( 7/ thoni'rpetumy 310. 
(3mb, 459. 

(^tadocyclns, 397. 

< tfadmloniia , 546. 
(Vadoselachc, 547, 
CtaosavruSy 38. 


(*larla,s, 454. 

(7 and ills, 78. 

ClavcLiim, 567. 

Ulavcllinidae, 567, 
tdennuys, 70. 
t7ldastes, 219. 

Climbing-Bercih, 410. 

(7upea, 486. ^ ^ 

(7upcida’, 486. r. 

tHimdiosaurus, 102. ‘ ‘ 

t^Rosternidsr, 77. 

Cino.steruu ni, 77. 

Cini.rys, 63. 
ilrrhites, 350. 

( 'irrhillchihys, 350. 

Cirrfiifidiv, 349. 

( 7stndo, 60. 

Coal -Fish, 434. 

Cohit is, 407. 

('obras, 222. 
i^oecosteidn', o'*!. 

Coceosteus, 330. 

('<1(1 Trib(% 131. 

Corilia, 310. 

(\>’cU iidiv, 309. 

(helucnnthus, 51 8. 
(Jollbr-Fisluvs, 427, 4^^^ 

CoU'ia, 491. 
tUdnhrr, ‘209. 

(\>h<hridn\ 198. 

( *t)in])-(5illed Fislu^s, 423, 427. 
( *onie/jl/orus, ‘190. 

( b ?/< psoynatli ns, 30. 

(Unajer, 4 49. 

( *ono/op/nfs, 137. 

(\nn)rod us, 439. 

(WuHus. 189. 

(*oronrttu, 205, 209, 
(U}ruphn’na, 308. 

( ^oruphiiiiidiv, 308. 
f bji'jithophu nesy 134 . 

(^tflidir, 380. 

(Utttns, 381 . 

('rails, 221. 

Crenidens, 347. 

( 'roc.odilcs, 10. 

Earlier, 32. 

Estuarine, 22, 

Existing, 15. 
ludiajj, 21. 

Long-Nosed, 27. 

Nile, 24. 

Orinoeo, 27. 

Sbarp-Nosed, 20. 

Siam, 25. 

Stumpy, 20. 

True, 21. 

Crocudilia, 10 . 

( U'oeod Hid SR, 1 5. 

Crocodilus, 21 . 

(U'ossopteryaiiy 315, 333 617. 

( ^rotalusy 239. c 

Crypitohravchus, 304. 
Cryptodira, 89. 

Cicnosaura, 141. 

CurtidsRy 355. 

CnrtiiSy 355. 

Cyhium, 371. 

Cyclanorbis, 100. 

Cydevfi/Sy 06. 

CydodermUy 100. 

Cyelomyaria, 672. 



INDEX. 


579 


(h/(llapterulff>^ 3S6. 

Cydoptn^vSj 3S7. 

Cyclomfpa, 

%)ydostomata, r>i9. 

Oyclura, 140. 

OyitodoUy 469. , 
i( h/n ih i idsp^ 5 6 5. 

OypruiidHiy •156. 

Cypi'in.ottij)ii, 470. 

(Jypri^odmit lda\ 4 6 9. 
Chf'lA'hms, 456. 

Cyitidm^ 366. 

. * • 

J)(u'fiiJ(}pteridn\ 384. 
Dniiylupifrfis^ 385. 

IVcL*, 160. 

Ihimonia^ 72. 

Daiiiibian Pcrcht's, 336. 
Diqirdhct'f 510. 

/)ap€d(ud()ssits, 47<^ ^ 

J)as]i'jtrnis, 214. 

Dead ref a phis, 214. 
Omditakaf^s, 27 1 . 

Deltd roh IT i< /« ■ , 271. 
J)endrn'phis, 211. 

* f)nhdn>p/i^’p>' ?idA'. 276. 
IK'iiticr, .'iS. 

Ih'rmaffnnjdidtv, 77. 
l)er)noiennis, 78 . 

Desnioyiutfh i(s, 302. 
f)(*vil-Fi.sli, 543. 

Dihftitiidw., 171. 
hinnapfiufun, 302. 

J)ieer<)hafis, 5 4i. 

I) icy 11 o(ff lilts, 25.5. 

Ditiosait rut, 33. 
l)in<)s»ur,s,. 33. 

AVi noil red, 38. 

Hird-Likc ( I roup, .‘>6, 
Carnivorous (Irouji, 35. 
Jloriiod, 38. 

•r<izai’(l-Foo1f<l (Iruui*, 34. 
DlodoUj 429. 

Diodnntidn', 428. 

DiptuH, 315, 326. 
Dlplaeanthiis, 54 8. 
l)tpfocynod<m, 20. 
L^domystm^ 490. 

Hrpias, 217. 
dfincoyfosstdtVy 281. 

/ fiseoyfossKs, 284 . 

IHsth'a, 229. 

Ditrcmciy 422. 

Dltronatidiv, 421. 

Dog-Fi.slics, 529, 530. 

•• vSpiny, 533. 
Dolichmaiiria, 249. ^ 
Dofiehosoma, 313. 

Dolieffmn, 572., 

• Dorab, 484. 

IhmiH, 455! 

Dories, 366. 

DoryichQvys, 425. 

Double- Eyes, 470. 

Draco, 118. 

Drugonets, 391. 
l)ragon*Fisli, 386. 

356. 

^DxyojjMs, 217. 

I5agle-Rays, 543. 


Kravdtda, 257. 

Kehniris, 371. 

Dchiostduuf, 483. 

Kchls, 238. 

Kdaphodoit, 332. 

Flel-Poiit, 435. 

Eels, 4 15. 

Conger, 419. 

Deep-Sea, 449. 

Elect! if, 451. 

Serpent, 449. 

S 1 1 ort * Tailed , 4 50. 
Single-Slit, 450. 

Spiny, 395. 

True, 446. 

Kja, 237. 

Kfaeate, 371. 

Khtps, 218. 

Ef(is)i\ohra neh i /, 31 7k 
hJ/(f.H}nodns, 33.2. 

Electric Ed, 451. 

Elect He Rays, 542. 

17/nps, 191. ‘ 

Dfsrya, 93. 

Eiuperor-Fisb, 314. 

Eiiijido, loo. 

hJuifidnr<i, 93. 

KiOfis, 68 . 

DiU'hef iojdiis, 138. 

Kttyriud is, 491. 
hJ/iyysfoina, 271. 

EiiyysidUHit idiv, 27 1 . 

Eideropnevsto, 573. 

Kiiyijros, 1<S9. 

Eitspharyis, 88 . 

Epic rotes, 188. 

End ft ri h idiv, 168. 

Ery, 194. 

Es(‘ueizos, 27.5. 

EsocidfV, 173. 

Eso,/‘, 473. 

Eh hi eph a ris, 1 1 6. 

Euiieers^ 191. 

Eusfinnios, 481. 

Eromegas, 553. 

Fan- Finned Fishes, 331. 
Feather- [lacks, 475. 
Fer-de-Lane(!, 218. 

Ferreiro, 281. 

Firrosfer, 438. 

Fighting- Fish, 413, 
File-Fishes, 427. 

Firm- Fin, 350. 

Fishes, 314. 

F ish ' Lizards. 250. 

Eistnlaria, 406. 

Flat-Fishes, 439. 

Flounder, 443. 

Flute-Mouths, 403, 405. 
Flyiug-Dragoi».s, 39. 
Flying-Fish, 400, 401. 
Flying-Cuvnards, 384. 

Fold - S' inned Sharks, 54 6 . 
Fringe- Filmed Ganoids, 517. 
Frog- Fishes, 376, 377. 

Frogs, 257, 265. 

Agile, 266. 

Antillian, 276. 

Bull, 268. 

Common, 266. 

1 Darwin’.s, 272. 


Frogs —cotUi lined. 

Disc-Toiigned, 284. 
E<libl(‘, 266. 

Eiiiopean, 266. 
Extinct, 284. 

Fire- Bellied, 28 4. 
Flying, 269. 
Grussliopp(‘r, 279. 
(lui)py’s, 268. 

Horned, 274. 

Leaf, 276. 

Midwife, 285. 
Montezuma’s, 268. 
Moor, 260. 

Narrow-Mouthed, 271 
Piping, 276. 

Pouedied, 282. 
Sharp-Nosed, 273. 
Short- Headed, 272 
Southern, 273. 
Spiir-Toeil, 286. 
Tonguel<‘ss, 28(». 

Tiee, 271, 279. 
Tyjvii'al, 265. 

AVater, 265. 

(Jaditfir, 431. 

(fodifs, 133. 

Galesaur, 255. 

(tide ns, 52 b 
(birial, 30. 

FiVtinet, 31. 

Sehlegd’.s, 29. 
(iariidisy 3»0. 
tlar-Pike, 100. 
f tosf roehtsmo , 3)69. 

( iosf rtisfeidiv, U)3. 
(lastrosti'HSy 403). 

( reckon id iv, 110. 

Geckos, 110. 

Eyelid, 116. 

Fiinged, 111. 

Lobe- Footed, 112. 
Tuikisb, 1 12. 

Wall, 114. 

(regenophis, 310. 
(fenypfenis, 438. 
(feoeinyda, 61. 

(icofrio, 553. 

( frrrohouot ns, 146, 
Gilt-Heads, 348. 
(Tfaneon-ia, 180. 
(tfinieoniidiv, 180. 
Globe-Fishes, 428. 

Gobies, 388. 

(hbiida% 388. 
frohio, 459. 

(robins, 388. 

(Tobioesocidir, 107. 
(fohioeso,r, 408. 
(riHigiftojihis, 195. 

(roll iogmdh'iis, 369. 
(foiiiophot is, 32. 

( tonorhyiichidie, 481. 
itoiiorhyiich vs, 481 . 
Grayling, 505. 

Grev Mullets, 399. 
Gudgeons, 459. 

Oil rami, 412. 

(rurnar<ls, 380, 382. 
(ryiiniarchus, 475. 
(Ejmndis, 431. 



580 

Chjmnoficopelmj 482. 
(rtjmtwtklsc^^ 445. 

Gifin'MtuHy 451. 

(rijTojitychiitfiy 519. 

Haddock, 433. 
llaK-Fishcs, 550, 553. 
Ilair-Tail.s, 3G2. 

Hairy- Backs, 392. 

Hako, 435. 

IfftlargyrntSy 435. 

Half- Beaks, 401. 

Halinpliia^ 439. 

Hamadryad, 223. 

Hammer- Headed Shark, 521. 
JlapUichi Ion , -492. 

]T u pUich Ho tiidn'j 491. 
JfaplodndtjlHS, 347. 
llardclhi^ 75. 

Iforoftia, 332. 

Hausen, 515. 
He(lgeho|jf-Moaths, 483. 
/{r/icops, 201 . 

Hell- Bender, 304. 

JIi‘J m i nih oplt is, 1 80. 
J/cknlrnna, 14S. 

// fdod(‘ rnutJ idn\ 1 4 S. 
JlnncrocorleH, 392. 

Ilnaihn nyarns, 221 . 
IltniiieJu'hiH, 97. 

JIrtn i nifforin., 570. 

Ilaniqd} rad idn\ 286. 

Jfnn i y'hannph ns, 401. 

JIf m i rh yuch as, 362. 
JJrniochm, 344. 

Herrings, 480, 487, 490. 
lldfroearpas, 422. 
TfricrocrphaJas, 239. 

Hcfcrotis, 478, 

IfipporanipaSt 426. 
irippogiosHns, 442. 
Jfisfiophorus, 358. 

If id acanthus, 341. 
JToloccniram, 354. 
Holoccpliali, 31.5, 326, 331. 
Jlotoptyckias, 519. 

Holibut, 442. 
liomxxlopsis, 218. 
Ifomatoplcras, 456. 

Ifonitrosa arus, 254. 

Honiopns, 62. 

Jfopl oynafh idsr., 349. 
JTopIoyiuitlnis, 349. 
lloplosnuriis, 35. 

Horned Lizards, 142. 
Horse-Mackerels, 363. 
/fj/hodas, 532. 

Jlydraspis, 93. 

Hydrociton-, 469. 

If ifdronicdusa, 92. 
llt/drophis, 228. 

Hydras, 228. 
Ifyl}V.obatrachus, 300. 

HvJ 8c.ochiilys, 97. 

Hi}lldst\ 279. 

Hyla, 280. 

Hylodcs, 276. 

Hylonomiis, 313. 

Hypnobius, 302. 

Hyodmi, 479. 

II yodont.idm, 479. 
Hypcrodapcdon, 254. 


INDEX. 

HypohythiiiS, 566. 

Ichthyophis, 310. 
Tchthyoptcryyia, 250. 
[(dilhyosaurs, 250. 

Ic.h t h ynscop m, 375. 
Ichthyotoini, 315, 515. 

Ide, 460. 

Jymtna, 139. 

Iguanas, 128. 

Black, 141. 

Extinct, 142. 

Fijian, 140. 

Ring-Tailed, 140. 

True, 139. 
hfuana rns, 142. 
lyaauidtr, 128. 

Iguanodons, 37. 

Ifysia, 195. 

JfysiidaC; 195. 

Isch n.ac(vn fh vs, 5 4 8 . 
Jsosjiondyfi, 475. 

.Taeares, 16. 

Jaeuaru, 154. 

.lararaca, 248. 

Kncrriii, 468. 

Kncrriidiv, 468. 

Kiiire-.Iawed Fishes, 349. 
Kr(‘UZ()tter, 230. 

Lfdntria, 218. 

Ivtbridm, 418, 419. 

Lahras, 419. 

Labyrinth -(Jilled rishe.s, 409. 
Jjahyri nfhodoniia, 311 . 
Ivtccrta, 159. 

Laci'iiidv', 158. 

LacertU ia, 104. 

Lachrsis, 243. 

Jjinna r<pis, 334. 
lAunna, 526. 
hamnidtr, 525. 

Lam])reys, 549, 550. 

Lainpris, 368. 

Lancelots, 558. 

Jjariosanr, 103. 

Larracra, 572. 

Latrs, 340. 
halilidm, 375. 

Ijaiiliis, 375. 
j Lidris, 351. 

Lot ran cuius, 389. 

Leathery Turtles, 86. 
Lrpa/logastcr, 407. 
Lcpidocottus, 381. 

Lrpidopus, 360. 

Lcpidosireti, 328. 
Ijcpidosirenidm, 326. 
Lcpldostcido’; 506. 
LepidmUus, 507. 

Lcpklotus, 510. 

Lrptoeardii, f>58. 
Lepfodactylidm, 273. 
Lcptodactylus, 276. 

Lcptolcjfis, 491. 

Leptoscopus, 376. 

Lrucaspiiis, 466, 

Lcuciseus, 469. 

Lialis, 116. 

LUisis, 186. 

Lichanura, 195. 


Light Fish, 482. 

Ling, 436. 

Liodesmus, 509. 

Ijiodon, 249. 

Lizards, 104. 

Aganioid, 107. 

Anolis, 130. 

Australian Frilledj 122. 
Beaked, 252. 

Bronze, 170. 

Ceylon Horned, 120. 
Flying, 118. 
Fringe.-Toed, 166. 
Galapagos, 135, 137. 
Girdied, 143. 

G leaved, 153. 

Green, 160. 

Horned, 112, 

Keeled, 165. 

Long-N eked, 249. 
Molocli, j 
Crientil Tree, 119. 
Pearly, 159. 

Poisonous, 148. 
Rnlge-headed, 131. 
Sail-Tail(!<l, 123. 
SeaJe-Footed, 

Sea, 135. 

Snake-Eyed, 168. 
Snake-Like, 145. 
Stilted, 131. 
Stump-Tailed. 167. 
Thorny-Taileil, 124, 12'^ 
True, 158. 

Viviparous, 162. 

AVall, 163. 

Loaches, 466. 

African, 468. 
Lohe-Finnetl Sharks, 546. 
Loggerhead, 83. 

Long- Finned Herring, 485. 
Jiong-Fins, 351. 

Long-Tails, 439. 

Lophiidiv, 379. 

Lophins, 379. 

Lophobranclt it, 423. 
Lopholafilus, 375, 

Lophotes, 411. 

Lophot iftfV, 414. 

Lophitrns, 123, 
fjoricaria, 455. 

Lota, 435. 

Loj’occmas, 186. 

Jjucifuya, 437. 

Lucioceph at kite, 409. 
Lncloccpha/ics, 414. 
Luriftprrea, 336. 
Lump-Suckers. 386. 
Lung-Fishes, 315, 826. 
Luth, 86. 

Lycodcs, 431. 

Lycodidne, 430. 

Lytoioma, 86. 

Mackerels, 369. 
Macrocicmmys, 80. 

Macroncs 455. 

Macruridge, 439. 

Mar-rurns, 439. 
Mailod-Tube-Mouths, 423. 
Malaca'idhidm, 376. 
Halacanthxis^ 876. 
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N c \v ts — amt in tied. 
I’auded, 297. 
Common, 296. 
Cr<‘rttrd, 29r>. 
]VIar]de<l, 296. 
Waltli’s, 297. 
Webhed, 296. 
N^icoria, 64. 
Xontn’idiKy 369. 
A^onnen.'i, 369. 
Xotaaintli uhr, 4 1 7. 
Xotacantli us, 417. 
XitthojJsis, 199. 
XotidannSj 532. 
Xotido/nidfr, 532. 
Xofof/oHcns^ 481. 
XotopMridir, 475. 
Xofopff'rnst 475. 

[ Xofothenia^ 376. 
XototrcnHiy 282. 


Mi^acodemmySf 72. 
Mn^lacosteus, 484. 
Mfdapterurus, 455. 
^ManteUa^ 271. 
Many*Rayed Salmon, 502. 
Mafirane, 504, 505. 
nMdrsipohranchiiy 550, 
MasUnl(.msajiru&, 313, 
JVlatainit^a, 90. 

Meagf'es, *557. 
Meyatobafrachms, 302. 
Me(j(dosau'ru.% 35. 
3f€<imJ.ufusi 509. 
Mdanvphaii'^, 354. 

Mcrl t^eiud^ 435. 

Metoposa iirus, 313. 

Met riorhynchus, 32. 
Micfoi^smus, 565. 
Miim(?^461. . , 

^Jihhln^di ^7"^ * ^ 

Af i ola n i idm^ 97. 

M isfiurnv.% 467. 

• J/w/?rm294. 

Moloch, r27. 

Moira, 136. 

M<m.aca‘)^r>*’ ,'•^27. 
Monitor. 149. 
Mouk-yisli, 535. 
Afonocirrhus, 352. 
Alonoptcrus, 451. 
*Mooii*Eyo, 479. 

Afi>Mncm, 553. 

Morelia, 184. 

Alarm Ut, 74. 

Atoruiyridie, 474. 
AJormyras, 474. 
JA>r#«fij-339. 

^jMosa^mras, 249. 

• Mnd-Fisb, 3^. 
Mnd-SkippW, 389. 
Mnyil, 399. 

Mlfqilidm, 397. 

Muilots, 345, 399. 

, Croy, 399. 

Mod, 345. 

AIifJ/id}f, 345. 

Afullus, 345. 

Afanma, 445. 

445. 

i^Mvstclus, 624. 
Ahfliohnl'idac, 543. 
Afjffiohatis, 543. 

’ Myniaranth idn’, 332. 
Mpripristis, 354. 

Afyrin-e, 554. 
fSTyrinidec, 554. 

Xaia, 222 . 

Xahdldm, 35^ 

Navdus, 352. 

Xardoa, 186. 

^Naacrates, 365. 

jVmtcs^m, 

- Ncctophr^pw, 277 . 
Xecturu.% 308. 
J^cmachilns, 467. 
Xrmedophodhi, 452. 
X^nichthys, 450. 
JX^rophis, 425. 

Kewts, 289, 295. 

Alpine, 296. 


Obliqnc-Sjiinod llloiiny, 395. 
(had iff, 74 . 

Oil-Fish, 396. 

Ohii, 307. 

( hi ch orb i/nch ns, 502. 
Onychodaefyf us, 802. 
Ophicklhys, 445, 449. 
Ophiditt, 174. 

Ophidiidtr, 437. 

Ophidium, 438. 

()ph i oceph alidiV, 408. 
(fphioapJiahis, 408. 

( )phisaur7('<, 146. 
(pisthoyhfpha, 198. 
f iniifhosauria, 39, 

0 rod ns, 532. 

Orlhaijoriscus, 430. 

Osmerns, 503. 

Osphronimiis, 412, 

( Isfroy/ossidir, 477. 
(istcoy/ossiua, 478. 
OsfrofH'mns, 20 . 

Osfracion, 428. 

Osfracophori, 555. 
iKcybrlis, 218. 

( Kcyylossus, 269. 

Pnehyfriton, 299. 
fbiffrllus, 346. 

I'ayrns, 848. 

I\ij H'ohatnxchida\ 28 4. 

Pal ivohd rack ns, 284. 
Palnohallcria, 254. 
Pala'oniscns, 517. 
Pahropkis, 195, 

Palmork yn ckula', 362. 

Pa hrork yii c7i us, 362. 
Pahrosiren, 313. 

P(( livospon dyl as, 554 . 
Panifodon, 480. 
Pantodontidie, 479. 
Paradiso-Fisli, 411. 
/\tra2ierca, 336. 
Panisitic-Fisb, 438, 
Pariasanrians, 255. 

Parrot- Wrasses, 421. 
Pryasns, 386. 

Pelayosaurns, 32. 

Pelecus, 466. 

Pclamys, 371. 

Pclohatcs, 283. 


PclohafidfC, 283. 

Pc/ochclys, 100. 

Pciodyfrs, 284. 

Pci aim'd nsa, 97. 

Pci onicdn suin', 88, 94. 

Pchr, 351. 

Pelorosaurus, 35. 

Pchsa arns, 313. 

Ponpkeris, 355. 

Perca, 335. 

Pnrarina, 337. 
i\ircli, 

African, 340. 

Oriental, 340. 

Sea, 339. 

South Auicrican, 338. 
IVrcli Tribe, 335. 
Pcrcichtkys, 338. 

J^'iridiV, 335. 

7 V rf ifonn cs, 3 [5 5 . 

PcriopJd.kal nins, 389. 

I Prrisfetk ns, 385. 
Pctaloptcryx, 384. 

Pctnl admit alvr, 535. 
PctaUxln^, 535. 

Pciroinirudnc, 551. 
P('troniy:.um, 551. 

Phannsin, 565. 

J*kilodryas, 217. 
Pbos|>bor(‘,seeiit Fishes, 482. 
J*hof icldhys, 482. 

Pk rynocepha/ KH. 122. 
Idirifuasoma; 142. 
Phyltodns, 419. 

77/ u 1 1 opt cry j', 4 26. 
Pkysoclysti, 331. 
J7nfsostojni, 444. 

Pike, 473. 

Pikc-lTead, 414. 

Ibke- Perches, 336. 

Pilchard, 489. 

Filot-Fish, 365. 

Pimcloilns, 454. 

Pimjuipcs, 376. 
inpa, 286. 

Pipidai, 287. 

Pipe-Fishes. 424. 
Playyodns, 482. 

Plaice, 143. 

Platar, 366. 

Pla te my s, 93. 

Pla, tarns, 227. 

P/atysom at id tv, 517. 

Plat ysom ns. 517. 

PI aty stern idtv, 7 5 . 

1 7 afy sternum, 75. 

Pteet is} londyt I, 4 5 6 . 
Plccloynathi, 423, 427. 
Plrsiockclyidee, 97. 
Plcsiockelys, 97. 

P/esiops, 352. 

J'lcsi osa nridiv, 102. 
J*tesiosauras, 102. 
Plethodon, 302. 
Ptcnraeantkvs, 546. 
JVeurodira, 88 . 
Plcuroncctcs, 439, 443. 
P/ruroncctidiv, 439. 
IVcurostcruinn, 98. 
Ptiosaarns, 103, 
Podocnemis, 93. 

Pfdocys, 340. 
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l(trSy oflC). 

PoUfLii, 504. 

Viihuininthui^y 411. 

Pul \lcnih'Ulii\ 

J^ul.i/milruSf J^52, 

Pul iiclinuln\ 50S. 

1*1*1 }f nr ni itltv, ^155. 

P<flifn>r)nt(s^ 

PulifiKlun ^ T)]-!. 

Puhnuluntuln\ 51 •*», 

Pul jipt'ilufrs^ 2/0. 

/*uljf/)rion, 240, 

/*ulffj>/rri(liV, 517. 

Poli/'jifrrns, 517. 
t*oni<u't'n.f tuthVf A 1 S. 

Punmrr})! rns^ 4 IS. 

525, 520. 

/*url//rn.s\ JS(>. 

1*01 1 Slunk, 520 

l*o\\!in, 501. 
r«)\\ ('!•-( k)(l, 421. 
l*riiH(*V}il Saliun.-UKlcrs, lill. 
Prion n riis., 202. 
t*risfiiln\ 525. 

Print i(*jth uridir. 525. 
/*nnf/(tpliorns\ 520. 
I^rinUponiu, 240, 

Printis, 520. 

Prupnindupus, 147. 

Protri(ln\ 200. 

/5v>5o6s, 207. 
l^nttmnfl njthn j H)S, 21s. 
Prutri <;.sv/ u run, 25 1. 
Profo('horii(dn, 510, 550, 558. 
Protuplrrnn^ 220. 

Pnthtnphu nji'^y 88. 

/*rofosff i/if, 88. 

ProUrurtf^, 102. 

/*rufnfun, .‘112. 

Psani mod nun ns\ 105. 

J*nani mo/trrru, 2 10. 
Pnrphophonm, 8S. 

Pnrjth n run^ 512. 

Pnetfodcn, 1 12. 

Pnrltns^ 200. 

Pnrtfdrrli i'i, 225. 

J^srndolnuf neli nn, -’{OU. 
J\Hrnd(H'h nunts, 270. 
P/i’raspis, 555. 

Plcriclt flips. 550, 
Ptemlaotyle.s, 20. 
Plrroductj/lns, 11. 

Piero is., 251. 

Plrrojilutni^ 545. 

Plpus, 208. 

Ptpcfio':onni, 114. 

Ptpodi txfpl 1 1 2. 

J*lfrf<tdns, 222. 

PppopodidiV-^ 110. 

Pfpjo'piis, 117. 

Pyrosomu, 560. 

Pyt ‘oso mat id a ' , 500. 

Pyilioii, 182. 

Python in n\ 122. 

Pytlion o morph a, 24 0. 
Pythons, 181. 

Ameihy.stino, 181. 

Audi iota’s, 180. 

Indian, 182, 180. 
Reticulj^ted, 184. 

Koval, 180. 

Timor, 164. 


f l*y tl lou.s - -Conti n nrd. 

TriK!, 182. 

Wt*.st African, 182, 185. 
Py.x'is, 64. 


Itaia, 541. 

Jtaiidit\ 541. 

Raj-Saiii]>, 221. 

Pitnu, 265. 

Panidfc, 265. 

Punidtuhs^ 202. 
lla]>rcn, 464. 

Rat tlo-Snakes, 2.‘JS. 
(loniinon, 220. 
l)i:iiiKJitd, 210. 

South American, 240. 
Hiiys, 520. ' 

I leaked. 528. 


Kagli*. 542. 

Kh <‘tric, 512. 
llalavi, 5.20. 
Sting, 515. 
True, 511. 

Red Mullets, 215. 
R<‘(!d-Fish, 517. 
Ilcffulrms, 4 1 0. 
K<‘ptileS, 1. , 
Phahilojdcaril^^l 4 . 
I Ilhuchifl<‘piiL^^\. 
Phucophiyi^ 

Jihu m phoh^ 
Plunnphoi^ 

Phu mphoSi 


270. 

!r, 172. 
nclu/s. n. 
1////.V, 21. 


Phinrrhis, 212. 

Phiiwnij/Sf 02. 

Ph i nofndtdiv., 528. 

Ph i nohnl .520. 

Plti ntnlou, 527. 

Phi nodiudidiVj 5i^;^ 

Ph inophrpnmsy 2?7. 

Ph inoplrru, 544. 

Ph ipidisf to, 518. 

Ph i /*to(/li*ss(i, 171. 
Jlhodrns., 402. 

Ph pnehohut is, 5 iO. 
Phpnrhohdrt (u . 20t) 

Ph pnrhohdrlt idn\ 205. 
Ph pnrh in' I phuho, 
Phynchosanrv'<y 25 1. 
PhpncJiosnrh ns, 20. 
Ribbon- Fish, 414, 115. 
Pita.f 455. 

Roach, 450. 

Rockliug, 436. 

Ruffes, 327. 


i^(WCop7iarpn.t\ 440. 
Paccosto n i. u .s*, 2 2 0. 
Safbling, 501. 
Salamaiideiiii, 280, *201. 
Alpine, 293.'* 
Black, 293. 
Kel-Like, 305. 
Fish-Liko, 302. 
Giant, 302. 

Gilkil, 306. 
Missis.sip|)i, 304. 
Primeval, 210. 
Siren, 300. 
Spani.sli, 294. 
Spectacled, 208. 
Spotted, 201. 


Salamanders —cemiinned. 
Tliroe-Tued, 306. 
Two-Legged, 308. 

' Typical, 201. 

Pill am and /vt, 201. 
PalainandridECf 291. 

Pi ilam a ndrcll a, 302. 
Palatnandrina., 298. * 
PaUtmandrinir>j 291. , 

Pal mu., 404. 

Salmon, 492, 405. 

B(‘,aked, 480. 
Palmonidn\ 492. 

PalpUf 572. 

Palpidm, 570. 

Saud-Kels, 427, 428. 
Sand-Smelts, 207. 

Sardim*, 480. 

Paryas, 247. 

Pa.n rocrjdt til i dm, A 86. 

Pan roerph al ^ 
Saiirodoiits, 48<». 
Pa.Hropfrrppia, 101. 

Saury, 401. 

Saw'-Fislies, 525. 

Seal )hard- Fish, 2f)0, 

Si;aled Rej>tiles, 101. 
Scaly-Finned Fishes, 312, 
Peuphiopns, 282. 

Praph irh pnch nSy 5 1 6. 
Pc/trns, 421. 

Pntfha.rnsy 247. 
Scafophayus, 2 14. 
Selndtopnsiks, 14t>. 
Sclni!ej>el, 501. 

Pciitna, 257. 

Pcimnddo’y 256. 

Pc.hicidiV; 166. 

Pci nr ns, 160. 

Promhrr, 260. 

Pcondirntltv, 260. 

I Pcomhrr.sticidrV, 400. 
Pcomhrrso.r, 401. 

Pcopcl idir, 481. 

Scopclu$, 181. 

Pcorpmna., 251. 
Pcorjnrn.idir, 251 . 
Pcorpmn.oids, 251 . 
Scyl/iidm, 520. 

Pcyllinm, 520. 

Sea-Bats, 266. 

Sea-Breams, 246, 
Sea-Horses, 421, 

Sea-Pcroli, 229. 
Sea-Snakes, 226. 
Sea-Squirts, 561. 

Pebastesy 351. 

Pelachoidely 31 5. 
Semivertehrates, 549, 550. 
Serpent- Eels, 449. 

Serpent -Heads, 408. 
Perranidiey 338, 

Perrannsy 339. 

Perrasalmoy 468. 

Shad, 489. 

Sharks, 520. 

Basking, 527. 

Blue, 522, 623. 

‘ Comb -Toothed, 633, 
Fold-Finned, 646, 
Fox, 526. 

Frill-Gilled, 633. 
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Sharks in md. 

• Greenland, 531. 

Hamnior-lleadfd, 524. 
Hound, 524. 

Pavement -Toothed, 530. 

, Porbeagle, 525, 520. 

Port Jackkoii, 530. 
Ibrndcleti’s, 520. 

Spiny,* 535. 

Thresher, 526. 

Shj^rks and Kays, 315. 

Sh<*ath -Fishes, -162. 

Siehyl, 

Siae-*'Neekcd Tortoises, S8. 

^52. 

Hiluvnt, 4E4. 

SijdhomsUnna, 424. 

;SV>r/A, 309. 

Si^nia'idfay 320. 

Sirrtl!f!:idciy 315. 

^Skates,' 

Skiuks, 100. 

Gomnioii, 107. 

True, 100. 

Sllme-lhlads, 353. 

Smelts, 503. 

Sinooth-ileadOj 401. 

Snaki‘-1.’ \os, 43M. 

Siiakft'-- i74. 

yKsculapiaii, 209. 

‘ Pack- Fan g(‘(l Trc'e, 217. 
Hlind, 180. 

• Ihishmastcr, 243. 

CVit, 210. 

(!haiii, 209. 

('Ihubing, 200. 

(’olubriiie, lOS. 

( JopjM'i'-Ilead, 24.1. 
t Vudl, 21 s. 

Coral Cy]ind(‘r, 105. 
Cylinder, 105. 

Dark Green, 200. 
Diamond, 184. 

Earth, 107. 

Egg-Eating, 211. 

Eierce, 200. 

Four-Lined, 210. 
Fonr-Kayed, 211. 

(barter, 203. 

Green, 217. 
riv/. ...;shoe, 207. 
Keel-Taihid, 204. 
Leopard, 210. 

Mocca.sin, 203, 245. 

.Moon, 215. 

Nocturnal Tree, 217. 
Oblique-Elyed, 203. 
Oriental Freshwater, 218, 
Pantherine, 208^. 

Jhgmy, 204. 

Kat, 207. ^ 

Kattle, 238. 

Rod, 196. 

Ringed, 200. 

Running, 208. 

Sand, 193. 

Sea, 226. 

Sharp-Nosed, 218. 

Shield -Tailed, 197. 

Sling, 205. 

Smooth, 205. 

Tree, 214, 217. 


Snake.s —confinued. 

True, 158. 

Vi peri ne, 201. 

Wart, 198. 

Water, 200. 

Whij), 217. 

Wood, 213. 

Siia}>})eis, 78. 

T(‘mminck’«, 80. 

Soft- Finned Fishes, 430. 
Soft-Spines, 376. 
Soft-Tortoises, 98. 
Cantor’s, 100. 
Granulated, 100. 
Solca^ 413. 

So/enoa/fifiia, 423. 
*SV>/rrf]®j|OTlno//W.r, 423. 
S(>/(’o/a7pf(^ 411. 

Soles, 443. 

Soutlierii Salmon, 401. 
Sparidit\ 346. 

Spear- Peaks, 567. 
SprIerpeSy 302. 

Spheiiodony 252. 

Sphip't\‘ua.y 397. 

Spliijra nidiT.y 307. 
Splufrmty 524, 

SpiiUK'ida'y 583. 

Sput(h>\ 58^^' 

Spine- Finnea Fishes, 
S))ine- Finned Sharks^ 
S[»iny Eels, 395. 

S]>rat, 489. 

SqiKfiordlif, 332. 
Squdhtmi idii'y 332. 
S<pi((ni(U((,y 104. 
S(piHi‘«’-T}iil, 398. 
SfinnlitKiy 535. 
S(jnafinidiVy 535|ii^ 
Star-Ga/ers, 3737174. 
Sfav/rofypnSy 78. ' 
Hti'(joHlu}n(iy 530. 

Sft'/a’os(f,ii rtfs, 32. 

Sff' mojttijch idii’y 482. 
SffrHothcnttty 07. 
Sticklebacks, 403. 
Sting-Pull, 375. 
Sioliekzaiay 199. 
StoHLufciils’y 482. 

SfoniiaSy 483. 
Sfroinafrid^, 367. 
StromatenSy 367. 
Sturgeons, 510. 

Giant, 514. 
Shov<‘]-Peaked, 516. 
Slender-Peaked, 513. 
Toothed, 513. 
Tf)othless, 514. 

True, 514. 
StylnphoruHy 416. 

Sucker- Fishes, 407. 
Sucking-Fishes, 371. 

Sun -Fish, 368. 
Sun-Fishes, 428, 430. 
Suravi, 455. 

Surgeons, 362. 
Sword-Fishes, 357. 
Si/mhraH-chula'y 445, 450. 
Si/mhrmichu.% 451. 
Symphobrcmchuiiy 449. 
l^ynechtfdm, 532. 
Syn(jmthida',j 424. 


Syuynathusy 424. 
TarbophiSy 216. 

Tareniol(ty 114. 

rmifoya, 410, 421. 

Tv lid S' y 153. 

Teju, 154. 

IWvosfom iy 315, 333. 
Tench, 461. 

Ten tael e-Fislj, 380. 
Terrapins, 64, 70. 
Alligator, 70. 
(Iispian, 71. 
Chai})as8a, 65. 
Chinese, 74. 

Eyed, 7 4. 
Hamilton’s, 72. 
Hinged, 66. 
.lapanese, 71. 
fjaiul, 64. 

.Maw's, 7S. 

Mild, 77. 

Painted, 73. 
I’enusylvaniun, 77. 
Salt-Water, 72. 
Senlpturod, 70. 
Spanish, 71. 

Sjtinose liand, O.c 
Thick-Necked, 72. 
Three-Keeled, 65. 

TvshidividiVy 17. 

TrshtdUy 40. 

Tvt I'd ymt uniSy .398. 

'Tf fr<K{<)iiy 429. 

Truth id idiVy 353, 

'Truth iSy .3,53. 

'ThifluHiuirh riys, 83. 

Thirf /<(('( (ty 570 . 

Tlierioi louts, 2.55. 
'rhick-Payed Eislu's, 319. 
'fhfu'drosu urus, 31 . 
y'horius, 302. 
'niond)aeks, 417. 
33iurny-Nose. 302. 

I’ll res her, 526. 

7'hri^iio/tffy 191. 
'I'hyiu(f//usy 505. 

Thifiiiiusy 370. 

Th ifr.'<ifrs, .‘U)2. 

3'ile-Eish, 375. 

TiurUy 461. 

3'oad- Frogs, 28,3. 

Prow’ll, 2S3. 

Toads, 2 . 57 , 276. 

(hinnnon, 277. 

Green, 278. 
Natteijack, 278. 
Shar])-Nosed, 270. 
Snrinani Water, 287. 
True, 277. 

Tope, 524. 

TorjtrdinidiVy 542. 
Torprdo. 543. 

Torsk, 437. 

Tortoise's, 41. 

Aldahro, 56. 
Amazonian, 04. 
Angulatcd, 61. 
Aroolated, 62. 
Pig-Headed 75. 

Pox, 66. 

Prazilian, 49. 
Purmese Prown, 50. 
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Tortoises — cotUin ucrL 
Carolina, 66. 
Elegant, 51. 
Elongated, 61. 
Florida, 49. 

Furs ten’s, 61. 
(iralapagOH, .57. 
Giant, 5.5. 

Groavod, 9u. 
Grecian, 59. 
Hinged, 62. 
Horned, 97. 
Ilorsliold’s, 61. 
Land, 47. 
Long-Nocked, 93. 
Mascarcne, 57. 
Matarnata, 00. 
Pond, 68. 

S-necked, 89. 
Side-Necked, 92. 
Sniike-Ncckcd, 92. 
Soft, 98. 

Spider, 61. 
Wide-Shielded, 98. 
Toxotef^i 344. 

Tra^hicJith ifs , 3 5 4 . 
Tvtichliiidtr., 373. 
Trachinr^jffi, 352. 
TriwJiiiim, 375. 
Ti’achodotis, 37. 

T ruchtiboa 1 89 . ■ 
7^riichyptxriiim, 4 1 4. 
Tnuihyptii ru ft, 416. 
Trarkysaiiriis, 167. 
Treo-tVogs, 271, 279. 
Eiiropoan, 2 SO. 
Pouched, 28*2. 
Typical, 280. 
THacft H th us, 427. 

Trieh I u richthys, 360. 
TrkJiiuridfe, 360. 
‘^rickiiir us, 362. 

Tri cho uot ithn , 3 9 2 . 
THehouotus, 392. 
Trifjlu, 382. 
THyonorhiiut, 546. 


Tritneresaurus, 247. 

Triodon, 428. 

TriawyclMse, 98. 

Trimiyx, 99. 

TroivUlonotm, 200. 
Tninipet-Fish, 403, 406, 
Tryyoii, 545. 

Trygunidm, 545. 

Tuatera, 262. 

Tul«‘.-15laddcred Fishes, 444. 
Tuft-<lilled Fishes, 423. 
Tunicttia, 561. 

Tunnies, 370. 

Ttipimimbis, 154. 

Turbot, 442. 

Turthis, 81. 

Kxtiiud, 86. 

Green, 82. 

Hawkshill, 82. 
Leathery, 86. 
Loggerhead, 83. 
Tyltitrilou, 299. 

Typh I ich tk ys, 471. 

Typh lomctcs, 3 1 0. 

Typh Ion us, 437. 

Typkl oph is, 180. 

Typh top i dir , 180. 

Typhlops, 180. 

Ihrthra, 472. 

Jfinbi'i's, 472. 

(J oihridsc; 472. 

U oibrimi, '357. 

UnditKi, 518. 

IJnyalia, 189. 

U nyallophis., 189. 
Unicorn-Fish, 411. 
UraniscAfdoti, 134. 

I Tra uoscop us, 374. 
Uroyyniuxcs, 545. 

CroUydius, 54,5., 

U romusUx, 1 25, 

U ronretes, 431 . 

Uropeltkitv, 197. 

VarmUdec, 119. 


Varaxius, 149. 

Veudaco, 504. 

Kijktra, .230. 
mperidm, 229. 

Vipers, 229. 

Common, 200. 

Desert Saw, 287. 
Halys, 243. 

Horned, 236. 
Long-Nosed, 233. 

Pit, 246. 

Rattle, 238. 

Kiissell’s, 234, 

Sand, 233. 

Southern, 230. 

True, 230. 

Water, 246. 

Viviparous Blennies, 394. 

Weavers, 373, 375. 

Weis, 454. 

White-Fish, 459. 
AVhitiiig, 434. 

Whiting- Pollack, 434. 
Whiting-Pout, 434. 
Wolf-Fish, 394. 

Wrasses, 418, 419. 

Parrot, 421. 
Viviparous, 421. 

Xenmiennus, 199. 
XeiMpett kliv, 198. 
XrnojHiUis, 198. 

X r nopod ktm, 286. 
Xempus, 286. 

Xiphias, 358. 

XipkiidH', 357. 
Xi'pkocrx'cus, 132. 

Xnnicnis, 206. 

Zarthe, 463. 

Zcl)ra-Fish, 344. 

Zoorccs., 30 1. 

ZonuridiC, 143. 

Zvmtriut, 144. 

Zope, 463. 
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